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1. INTRODUCTION 
This is a spatial equilibrium analysis incorporating consuming and 
producing regions, farm size groups and a transhipment model used as a 
method of projected planning. The idea of this particular study results 
from the increasing concern about the competitiveness of different 
farm-size structures, the possibility of large scale, industrialized 
farms in swine production and the areas in the U.S. which will be 
concentrated after the parallel cases in the broiler and cattle fattening 
farming industries. 
The main purpose of the study was to provide information of the 
nation's hog producing centers, their allocation in future changes, and to 
appraise the hog production potential. 
The overall objective is to examine quantitatively the comparative 
advantage of the hog and feed producing regions in the hog production 
and determine the geographic allocation of hog producing centers and 
interregional commodity flows to meet their regional demands, also to 
suggest the type of most efficient farm size and its distribution among 
the regions in swine production. 
1.1. Previous Studies 
Studies made by Futrell [17], Brokken and Heady [7], Eyvindson [14] 
and Madsen [34] are relevant to this one and consider interregional 
competition in livestock production including hogs. These studies deal 
with linear programming models designed to determine optimum multiproduct 
producing centers location under various policies. Their projected spatial 
equilibrium solutions are close to the current levels of hog production. 
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1.2. The Specific Present Study 
1.2.1. The problem 
Theoretical hog producing enterprises of different sizes compete 
under alternative production controls, fuel cost levels, and wage rates in 
different models. These models are designed to determine optimal patterns 
of hog production, the efficient regional type of farm-size structure, the 
commodity flows, and the equilibrium prices for the commodities analyzed. 
These enterprises are constructed on assumptions of different capabilities 
in buying and processing feed, in building and equipment investments, and 
also deal with different needs in electricity resulting from their location. 
1.2.2. The assumptions 
The simplifying necessary assumptions that were made in order to 
reduce the manageable size of the economy but descriptive enough to 
reflect possible technologies in the hog industry, possible developments 
of new feeds and management, better animals in meat conversion, possible 
changes in transportation routes, regional changes in prices of factors of 
production, and to permit the use of linear programming were as follows; 
1. Many producers in each region with choices of producing 
hogs only under the three types of farm specified. 
2. All producers producing under the same farm size have 
identical input-output coefficients and therefore use the 
same production techniques. 
3. Input-output coefficients are constant, that is all produc­
tion firms produce under constant returns to seals. 
4. The regions are spatially separated, but interdependent. 
3 
5. Production restrictions in each region specified. 
6. Total available feed in each region specified. 
7. Total demand in each region specified. 
8. Slaughtering facilities at population centers. 
1.2.3. Data requirements 
The data requirements and their projections in 1980 are presented 
in the corresponding areas of this study as; 
- Demand Analysis which refers to per capita pork consumption. 
- Supply of Feed Analysis which refers to available feed 
products. 
- Transportation Analysis which refers to freight rates for 
the transporting commodities. 
- Marketing Analysis which refers to suggesting the optimum 
weight of hogs produced. 
- Production Analysis which refers to feed and cost requirements. 
- Linear Programming Analysis which refers to the descriptional 
presentation and technique for solving the problems. 
1.3. Model Presentation 
A multi-regional formulation of a linear programming model is used 
with the following general form. 
minimize Z = min f(x) = c'x 
subject to the following constraints; 
a < Ax 
b > Bx 
X > 0 
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where: 
X is a column vector of hog producing and transporting 
activities, and also feed buying, transporting and transfer­
ring activities. 
c is a row vector of unit costs for these activities 
A and B are matrices of transformation coefficients. 
a is a column vector of demand requirements and production 
constraints. 
b is a column of resource and production constraints. 
The specific form of the model [19,20,21,31,41] description and 
algebraic follows. 
1.3.1. Objective function and constraints 
Minimize the National total cost of 
1.1) producing hogs 
1.2) transporting hogs 
1.3) buying feed products 
1.4) transporting feed products 
1.5) transferring feed products into energy and protein 
so that the following constraints are fulfilled; 
2.1) the demand for pork in each region is met. 
2.2) the quantity of pork produced meets the levels that 
were set. 
2.3) the feed products available in each region are more than 
the feed products bought and net-exported from each region. 
2.4) the feed ingredients (energy and protein) used in the 
5 
production of hogs is equal to the quantity transferred 
into the region. 
2.5) the feed bought in each region is equal to the feed 
transferred into feed ingredients in each region. 
1.4. The Algebraic Presentation of the Model 
1.1)^ 1. min C = E c. Y. + 
ig 
1-2) + THGG.THSS' 
1-3) + : bkgfkg 
6g 
kg 
1-4) ^ % tpss'TFSS' 
1.5) + Z(0)R. 
kg 
2. subject to: 
2.1) < Z + [Z Thss' - % Thg.g] 
2.2) i Pig ' 
" ^ij g -1>...,10 
2-4) 
2-5) "L = "L 
where: 
1.1,...,5 C denotes the linear cost function to be minimized. 
1 
Correspond with the definitions given on page 4. 
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denotes the cost of producing one unit of hogs by 
the i- type farm in the g region. 
denotes the level of the hog producing activity 
(type i farm) in the g region 
''hgg* denotes the cost of transporting a unit of hogs 
from region g to region g*, g^g'. 
Tj^gg, denotes the level of transporting units of hogs 
from region g to region g'. 
denotes the cost of buying feed k in the g region, 
denotes the level of feed k bought in the g region. 
^fgS' denotes the cost of transporting a unit of feed k 
from region g to region g'. 
denotes the level of transporting units of feed k 
from region g to region g'. 
denotes the level of transferring feed k into 
ingredients (energy and protein) in the g region. 
The cost of transferring is zero. 
2. 1 , . . . , 5 Dg denotes the demand for pork (hogs) in the g region. 
Ag denotes the level of production in the g region. 
denotes the level of production by the g" group 
of regions, the ten leading states in the hog 
production. 
(X denotes the available quantity of feed k in the 
g region. 
^kgg' denotes the exported quantity of feed k from region 
g to region g'. 
7 
denotes the imported quantity of feed k from 
region g' to region g. 
denotes the quantity of an ingredient, supplied 
by feed k in the production of one unit of hogs 
produced by the i-farm in the g region. 
denotes the feed k transferred in the g region. 
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2. DEMAND ANALYSIS 
2.1. The Objective 
The purpose of the analysis is to find the functional form by which 
estimates of the pork consumption in the U.S. can be derived. 
The national statistical elements for the variables of the model 
used were expressed on a per capita basis and the per capita pork 
consumption, outside the sampling period, was derived by projections 
through the lagged variables of the model. 
The objective of the analysis was reached by econometric methods 
according to economic theories. Econometrics is an area of economics 
that uses mathematical and statistical tools to study phenomena described 
by a set of variables consistent with a set of theories objectively 
accepted by the corresponding science for explaining an existing situation 
and also for predicting purposes. 
Economic theory provides variables and functional forms that 
describe the particular phenomenon under consideration. The individual 
researcher is the one who will decide the number of the variables he will 
include to give a more explanatory picture in his model after including 
the basic endogenous and exogenous variables of interest. 
Demand functions that were used were functional forms with the 
dependent variable being the quantity demanded of pork per capita. The 
related descriptive endogenous and exogenous variables were the prices 
of meat commodities and the income. 
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2.2. The General Model 
A description of the model in an algebraic form is as follows; 
~ °^01 * ^21^2 * ^31^3 * "t 
Pi = ^04 * * Bz/fl + \ 
^2 ~ ^05 ®15^2 ^  ^25^2 "t 
P3 = «06 + + @26^3 + "t 
^2 ' %2 * V2 * "22"! * G32P3 * "42= + "c 
^3 ° ®03 + «X3P3 * *23*1 * G33P2 •" ^43= * "t 
where 
y refers to the per capita consumption of meat. 
p refers to the retail price of meat. 
f refers to the farm price of the live animal. 
z is disposable personal income deflated by the consumer price 
index. 
Also, y^ refers to the pounds per capita consumption of pork. 
y2 refers to the pounds per capita consumption of beef. 
y2 refers to the pounds per capita consumption of lamb. 
2.2 .1. Statistical approach for the solution of the model 
A model is a set of structures, that is, a set of autonomous relation­
ships sufficient to determine the numerical values of the endogenous 
variables from the exogenous. 
The terminology followed is that "a model is an equation system" 
where not all parameters have specified numerical values, and the parameters 
are understood to be the coefficients of the variables. 
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The statistical approach used is as follows: 
1) The structural model is the original model and the 
reduced form equation (RFE) is a functional form with 
dependent variable the endogenous explanatory variable 
in the model for the estimation of which all exogenous 
variables of the model are considered. The RFE is 
derived to overcome correlation problems in the structural 
equation between the endogenous explanatory variables 
and the error term. 
2) Consistent estimators of the structural parameters are 
derived by transforming the RFE coefficients into structural 
parameters and then applying the classical least squares 
technique, and then 
3) the autocorrelation between successive error terras is 
removed, and for a second time the least squares technique 
is applied. 
2.2.2. Symbols 
y^j. = stands for the endogenous variables in time t 
Xj^ = stands for the exogenous variables in time t 
i = 1,...,G Here G =3 t = 1950-1970 
j = 0,...,K K = 3 
as y^ are described the y^, y^, y^, p^, p^, Pg. 
as Xj are described the z, f^, f^, f^* 
K.,, = number of exogenous variables in the equation 
= number of exogenous variables not in the equation 
11 
M number of endogenous variables in the equation 
M number of endogenous variables not in the equation 
2.3. The Specific Model 
The model considers only two meat commodities and therefore includes 
only four equations. 
2.3.1. Method of estimation 
The parameters in the equations will be estimated simultaneously 
and the technique to be followed [25] is the "Two Stage Least Squares" 
except in the equations containing only exogenous variables where 
estimation is through Ordinary Least Squares. That is, the system is a 
simultaneous and recursive equations complex. 
The system is 
(2.1) 




y^ = p^ of the general model 
x^ = z of the general model 
= f^ of the general model 
x^ = f^ of the general model 
x^ - p^ = y^ of the general model 
Identification status of the equations [28 ] 
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= 2 = (y^, y^) 
K = % - 1 For equation (2.1) which is 
just identified. 
K,* = 1 = (Xg) 
% = 2 = 
Kvvf ~ % - 1 Equation (2.2) is just identified. 
= 2 = (x^, Xg) 
\ = 2 = (y*, y^) 
K,_,, > M.,, - 1 Which implies that equation (2.3) 
is over identified. 
Equation (2.4) is an ordinary equation and is solved by ordinary 
least squares, and then the estimated value of the dependent variable is 
substituted in the other equations and is considered exogenous. 
2.3.2. Steps of estimation 
The steps of estimation using equation (2.1) are as follows: 
1. Estimation of the reduced form equation (RFE); 
y^ = f^(x^, x^, Xg) = f^(x) 
The ordinary equation is 
^5 fgCX]) = fgCx) 
2. Estimation of the variable y^ from equation (2.1) by ordinary least 
squares; 
^It " %1 ^11^4t '^21^5t Sl^lt "t (2'5) 
and in numerical form; 
y^ = 66.20739 + [-0.35073]p^ + [0.35382];^ + [-0.40492]z 
(6.890) (0.157) (0.101) (0.369) 
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p = 0.50705 
d = 0.98538 
= x(x'x)~^x'y^ 





1 *2 =5] 













3. Estimation of autocorrelation uses equation (2.1) in its general 
form which becomes as the equation (2.6). 
= «0 + + «3*11 + "t.. (2-6) 
and assuming 
"t = P"t-1 + ^t 
(RIT - PRIT-I) = GI(I-P)(X4T-PX4T-I) 
+ a2(l-p)(x5t-pxst_i) + a3(l-p)(X3t-pX3c_i) + 
or, in a capital letter form: 
Yl = @0 + + @2X5 + 93X3 + «C «.7) 
4. Estimation of the coefficients in equation (2.7) and its 
respective equation follows. 
g = (X'X)~^X'Y 
= 32.88879 + (-0.6686l)X^ + (0.35425)Xg + (0.54251)X3 + e^. 
(3.70) (0.11) (0.08) (0.38) 
r = 0.47567 
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The- autocorrelation coefficient r corresponding to the error 
term in the previously estimated demand equation (2.7) is 
significant 
\ = "t-1 + ^ t 
r = 0.47567 
The final demand equation after taking care of the auto­
correlation r becomes in a general form the equation (2.8) 
Q = go + + ggG^ + (2 
where 
as in equation (2.7) 
G. = X. -rX. X. as in equation (2.5) 
Xw 1. u 1 
The numerical form of this equation is as follows: 
Q = (14.64575) + (-0.77450)G^ + (0.20436)02 + (1.88599)63 + V 
(1.660) (0.050) (0.048) (0.323) 
r = 0.09077 autocorrelation coefficient 
= .998 multiple coefficient of determination [26] 
where 
p = — p = autocorrelation 
Z ^ coefficient 
t=2 ^-1 
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2.3.3. Test for the coefficients 
1. C.R. |t| > 
where C.R. denotes the Critical Region 
a implies the Level of Significance, (100-2a)% 
2' C'*' f ^  Fa.vi.v, 
where = k-1 
= n-k 
2.3.4. Test for the autocorrelation Pizl 
C.R. d > dy d-statistic upper bound 
d < dj^ d-statistic lower bound 
with 
k = the number of independent variables 
n = the number of observations 
d = 0.98538 < d|^: reject the hypothesis of random disturb­
ances in favor of positive autocorrelation, 
d = 0.47567 < dj^: reject the hypothesis of random disturb­
ances in favor of positive autocorrelation. 
The emphasis of the importance of the selection of the equation (2.1) 
in the model was not only on the basis of good fit and predictability in 
the sample period, but also on the grounds of the purpose of estimating 
this equation which was of interest not on the national level, but on 
the state, and therefore, the more variables in the equation, the better 
the approximation of the real value of the dependent variable. 
The final estimated demand function is, as it was understood from 
the earlier discussion, a function of lagged variables. These are per 
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capita consumption of pork, retail price of pork, retail price of beef, 
and disposable personal income. 
The estimated functional form calculates the per capita pork 
consumption at the national level in pounds of carcass weight, and 
adjustments for the liveweight equivalent were made on the a ssumption of_ 
national projections in dress percentages. 
Figure 1 presents the estimated points in the sample and outside 
the sample periods using national data. 
2.4. The Results 
The estimated demand function from national data is assumed to 
have the same functional form in the state level, and national and 
state results are derived from the national demand function by applying 
projections of all variables in the national and state level correspond­
ingly. 
Tables 1-3 explain the results in carcass and liveweight per capita 
and in total for the nation. Data for the sample period for the various 
estimations were obtained from U.S.D.A. publications [43,50,51] 
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# actual data in the sample period (1950-1970) 
" projections in the sample period 
0 projections outside the sample period 1972-1980 
Figure 1. Per capita consumption of pork at the National level (in lbs.) 
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Table 1. Pork consumption per capita [lbs. of carcass weight] 
State 1975 1980 
Maine 60.14 52.06 
New Hampshire 51.71 41.43 
Vermont 52.85 40.37 
Massachusetts 43.77 33.30 
Rhode Island 49.33 40.27 
Connecticut 33.74 21.78 
New York 34.81 23.14 
New Jersey- 39.79 30.52 
Pennsylvania 48.99 40.53 
Ohio 48.32 40.09 
Indiana 49.79 40.96 
Illinois 39.44 30.04 
Michigan 46.32 37.53 
Wisconsin 50.98 42.49 
Minnesota 52.26 42.72 
Iowa 52.81 44.08 
Missouri 54.29 46.57 
North Dakota 62.07 55.22 
South Dakota 62.38 54.81 
Nebraska 56.46 49.17 
Kansas 52.19 43.18 
Delaware 45.88 40.82 
Maryland 41.61 31.49 
Virginia 52.32 40.58 
West Virginia 65.35 58.14 
North Carolina 58.47 47.56 
South Carolina 64.67 55.31 
Georgia 56.59 45.25 
Florida 52.29 42.80 
Kentucky 60.69 49.87 
Tennessee 59.75 48.62 
Alabama 63.52 53.62 
Mississippi 65.71 54.26 
Arkansas 61.88 50.60 
Louisiana 56.99 47.65 
Oklahoma 57.98 48.42 
Texas 57.31 50.77 
Montana 64.92 64.23 
Idaho 64.28 59.80 
Wyoming 63.86 62.25 
Colorado 56.96 51.00 
New Mexico 64.84 60.25 
Arizona 62.46 57.34 
Utah 64.97 61.05 
Nevada 50.81 48.25 
Washington 46.25 39.12 
Oregon 55.62 51.59 
California 44.59 38.62 
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Table 2. Pork consumption per capita [lbs. of liveweight] 
State 1975 1980 
Maine 77.10 66.32 
New Hampshire 66.30 52.78 
Vermont 67.76 51.42 
Massachusetts 56.12 42.49 
Rhode Island 63.24 51.30 
Connecticut 43.25 27.75 
New York 44.63 29.48 
New Jersey- 51.01 38.87 
Pennsylvania 62.81 51.63 
Ohio 61.95 51.07 
Indiana 63.84 52.17 
Illinois 50.56 38.27 
Michigan 59.39 47.80 
Wisconsin 65.36 54.13 
Minnesota 67.00 54.42 
Iowa 67.71 56.15 
Missouri 69.60 59.32 
North Dakota 79.57 70.34 
South Dakota 79.97 69.83 
Nebraska 72.38 62.63 
Kansas 66.92 55.01 
Delaware 58.82 52.00 
Maryland 53.34 40.12 
Virginia 67.08 51.69 
West Virginia 83.78 74.07 
North Carolina 74.97 60.59 
South Carolina 82.91 70.46 
Georgia 77.55 57.65 
Florida 67.04 54.52 
Kentucky 77.80 63.53 
Tennessee 76 .61 61.94 
Alabama 81.43 68.31 
Mississippi 84.24 69.12 
Arkansas 79.34 64.46 
Louisiana 73.07 60.70 
Oklahoma 74.34 61.68 
Texas 73.47 64.67 
Montana 83.23 81.82 
Idaho 82.41 76.18 
Wyoming 81.87 79.30 
Colorado 73.02 64.97 
New Mexico 83.13 76.76 
Arizona 80.07 73.05 
Utah 83.30 77.77 
Nevada 65.14 61.46 
Washington 59.29 49.84 
Oregon 71.31 65.72 
California 57.17 49.19 
Table 3, Total pork consumption [lOOO lbs. liveweight] 
State 1975 1980 
Maine 79,721 70,096 
New Hampshire 52,042 44,331 
Vermont 30,356 23,861 
Massachusetts 336,693 266,234 
Rhode Island 62,355 52,681 
Connecticut 146,886 102,076 
New York 868,451 600,759 
New Jersey 407,015 334,751 
Pennsylvania 771,095 652,137 
Ohio 719,640 629,381 
Indiana 356,530 308,494 
Illinois 606,229 484,144 
Michigan 574,955 494,336 
Wisconsin 309,364 270,650 
Minnesota 268,456 229,260 
Iowa 191,615 161,160 
Missouri 337,567 298,700 
North Dakota 50,528 44,878 
South Dakota 54,620 47,971 
Nebraska 110,884 98,462 
Kansas 157,855 134,267 
Delaware 37,054 36,036 
Maryland 278,487 226,740 
Virginia 343,430 283,786 
West Virginia 138,484 117,321 
North Carolina 406,322 345,585 
South Carolina 228,245 203,145 
Georgia 358,691 303,222 
Florida 538,007 495,054 
Kentucky 256,047 214,105 
Tennessee 316,389 266,572 
Alabama 296,829 257,397 
Mississippi 192,069 159,254 
Arkansas 152,086 124,534 
Louisiana 293,212 259,667 
Oklahoma 195,510 167,637 
Texas 892,364 842,714 
Montana 62,424 63,740 
Idaho 61,479 59,113 
Wyoming 27,919 27,753 
Colorado 178,679 173,980 
New Mexico 95,270 94,410 
Arizona 168,711 173,779 
Utah 98,373 99,467 
Nevada 39,668 43,268 
Washington 212,489 191,136 
Oregon 158,671 155,882 
California 1,336,819 1,276,482 
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Table A. Hogs; projected average farm price per 100 lbs. 
State 1975 1980 
Maine 20.43 22.14 
New Hampshire 21.48 23.78 
Vermont 21.96 24.52 
Massachusetts 22.13 24.61 
Rhode Island 22.47 24.99 
Connecticut 22.67 25.18 
New York 23.86 26.98 
New Jersey 24.05 26.99 
Pennsylvania 23.62 26.05 
Ohio 23.24 25.83 
Indiana 23.36 26.09 . 
Illinois 23.03 25.71 
Michigan 23.69 26.67 
Wisconsin 22.83 25.47 
Minnesota 22.92 25.71 
Iowa 23.08 25.92 
Missouri 22.90 25.52 
North Dakota • 22.53 25.48 
South Dakota 22.81 25.68 
Nebraska 22.71 25.36 
Kansas 22.78 25.34 
Delaware 23.69 26.34 
Maryland 23.57 26.02 
Virginia 23.57 26.25 
West Virginia 23.15 25.46 
North Carolina 22.56 24.83 
South Carolina 21.82 24.02 
Georgia 22.40 24.79 
Florida 22.58 25.33 
Kentucky 23.03 25.56 
Tennessee 22.87 25.52 
Alabama 21.76 24.03 
Mississippi 22.82 26.13 
Arkansas 29.20 24.73 
Louisiana 22.74 25.82 
Oklahoma 22.71 25.32 
Texas 22.35 24.82 
Montana 22.26 24.79 
Idaho 22.31 24.45 
Wyoming 20.86 22.52 
Colorado 23.76 26.50 
New Mexico 23.36 26.26 
Arizona 23.50 26.02 
Utah 22.33 24.71 
Nevada 20.41 21.78 
Washington 22.58 24.39 
Oregon 22.60 24.31 
California 22.33 23.76 
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Table 5. Calves: projected average farm price per 100 lbs. 
State 1975 1980 
Maine 30.97 35.80 
New Hampshire 32.20 38.69 
Vermont 31.63 38.28 
Massachusetts 34.78 43.06 
Rhode Island 34.36 42.06 
Connecticut 33.92 40.94 
New York 37.56 45.35 
New Jersey- 34.02 38.88 
Pennsylvania 41.80 49.55 
Ohio 40.77 47.97 
Indiana 33.85 38.11 
Illinois 34.81 40.05 
Michigan 31.09 33.84 
Wisconsin 40.00 48.76 
Minnesota 38.78 46.13 
Iowa 31.98 36.05 
Missouri 30.66 34.14 
North Dakota 35.20 40.65 
South Dakota 35.48 40.30 
Nebraska 33.65 37.24 
Kansas 31.00 34.83 
Delaware 38.78 44.93 
Maryland 39.45 46.32 
Virginia 37.00 41.87 
West Virginia 34.35 39.35 
North Carolina 35.30 40.45 
South Carolina 31.85 36.16 
Georgia 30.85 35.53 
Florida 31.75 37.69 
Kentucky 37.26 42.65 
Tennessee 34.33 39.85 
Alabama 31.60 36.84 
Mississippi 32.56 38.24 
Arkansas 33.48 38.90 
Louisiana 32.23 37.42 
Oklahoma 35.22 38.37 
Texas 32.72 37.96 
Montana 34.05 39.47 
Idaho 34.74 40.04 
Wyoming 34.67 35.44 
Colorado 34.99 39.03 
New Mexico 31.12 34.89 
Arizona 31.16 34.24 
Utah 30.01 34.23 
Nevada 31.85 35.64 
Washington 35.08 40.57 
Oregon 30.60 54.06 
California 29.76 32.41 
Table-6. Disposable personal income [current dollars] 
State 1975 1980 
Alabama 2762 3805 
Arizona 3161 4030 
Arkansas 2818 3968 
California 4341 5412 
Colorado 3503 4412 
Connecticut 4893 6243 
Delaware 3921 4655 
Florida 3297 4281 
Georgia 3344 4617 
Idaho 2924 3693 
Illinois 4516 5715 
Indiana 3841 4944 
Iowa 3699 4784 
Kansas 3872 5045 
Kentucky- 3044 4162 
Louisiana 2898 3816 
Maine 3058 3997 
Maryland 4277 5452 
Massachusetts 4236 5430 
Michigan 4104 5228 
Minnesota 3726 4855 
Mississippi 2452 3486 
Missouri 3616 4643 
Montana 2838 3389 
Nebraska 3526 4503 
Nevada 3987 4765 
New Hampshire 3671 4801 
New Jersey 4444 5578 
New Mexico 2845 3621 
New York 4718 5987 
North Carolina 3084 4212 
North Dakota 2966 3832 
Ohio 3848 4871 
Oklahoma 3269 4358 
Oregon 3492 4338 
Pennsylvania 3754 4780 
Rhode Island 3813 4848 
South Carolina 2834 3957 
South Dakota 3005 3936 
Tennessee 3011 4117 
Texas 3284 4228 
Utah 2960 3726 
Vermont 3555 4848 
Virginia 3507 4685 
Washington 4060 5151 
West Virginia 2735 3608 
Wisconsin 3605 4586 
Wyoming 3043 3635 
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3. SUPPLY OF FEEDS ANALYSIS 
3.1. Estimation Procedure 
The information used for estimating the available feed for hogs 
by states was reported in the U.S.D.A. series of publications [47] and 
the OBERS projections [52] and the units used as well as the steps for 
proceeding the estimation are as follows; 
3.1.1. Units 
a. consumption of feed per capita in pounds 
b. net exports of feed per capita in million bushels 
c. other uses of feed per capita in million bushels 
d. carryover stocks of feed per capita in 1000 pounds 
e. U.S. population in 1980 233,363,000 
f. U.S. production of feed in 1000 pounds 
Table 7. Per capita and total consumption in pounds 
Feed Per Capita Total 
Barley 1.4 323,458,800 
Corn 57.0 12,967,862,200 
Sorghum 0.0 0 
Wheat 150.0 33,815,523,300 
Soybeans 0.0 0 
Oats 8.3 1,870,280,700 
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Table 8. Other uses and net exports in million bushels 
Feed Other Uses Net' Exports 
Barley­ 145.8 91.9 
corn 168.4 1159.0 
Sorghum 7.8 197.5 
Wheat 57.5 775.0 
Soybeans 154.3 570.0 
Oats 86.2 4.9 
Table 9. Carryover stocks and production in 1000 lbs. 
Feed Carryover Production 
Barley 13,047,595 20,920,528 
Corn 183,790,534 553,434,880 
Sorghum 99,846,520 58,400,016 
Wheat 0 109,033,856 
Soybeans 0 104,667,472 
Oats 11,169,583 19,674,096 
3.2. National Level Results 
The feed available to livestock is calculated as F.A.L, 
where F.A.L. = [f^^ + d] - [a + b + c] = L 
3.2.1. Estimated feed available in the U.S. for hogs 
The estimates were calculated by the formula H. 
H = C I (N)] 
where K denotes the animal units of livestock in 
the U.S. 
N denotes the animal units of hogs in the U.S. 
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3.2.2. The estimated feed available to hogs in the state level 
The estimates were calculated by the formula G. 
G = [(H) ^ ] 
where 







P denotes the U.S. feed production projection, 







.72 lbs TDN/lb of feed 
.80 lbs TDN/lb of feed 
.80 lbs TDN/lb of feed 
.83 lbs TDN/lb of feed 
.622 lbs TDN/lb of feed 
.63 lbs TDN/lb of feed 
NOTE; Soybeans are 78% soybean oil meal and there are 0.780 lbs of TDN 
per pound of soybean meal. 







Note: in 1000 lbs. 
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3.3. State Level Results 
The feed available for hogs by states is estimated next and is 
presented in Table 10. 
3.3.1. The protein content 
The protein content of each of the feed is as follows: 
Barley 13. % 
Corn 8.5% 
Sorghum 9.5% 
Wheat 15. % 
Soybeans 34.6% 
Oats 12. % 
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Table 10, (Continued) 
State Barley 
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State Wheat 
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4. TRANSPORTATION ANALYSIS 
' .. 
Changes in transportation patterns and costs affect farm and retail 
prices directly. Also, .they cause shifts in location of livestock and 
feed producing centers. Therefore, for the purpose of an economic 
analysis with an objective to allocate producing centers using different 
transportation modes as an additional cost factor, estimated transportation 
rates for the commodities of interest must be obtained for current and 
future years. Live hogs, wheat, oats, barley, sorghum, corn and soybeans 
were considered in this study, and rail freight rates and truck 
freight rates for these commodities were calculated and projected 
using the corresponding functional relationships. 
4.1. Cost Functions 
4.1.1. Rail freight rates 
The following equations were used to generate transport cost data 
among regions; 
1. C = 8.57804 + 0.01054M - 0.56223M^ for CORN. 
(0.75) (0.002) (0.08) 
2. C = 9.37563 + 0.00923M - 0.58121M^ for SORGHUM. 
(1.37) (0.002) (0.1) 
1-
3. C = 14.62002 + 0.02768M - 1.25504M^ for WHEAT. 
(2.53) (0.01) (0.36) 
4. C = 5.71749 + 0.00558M - 0.31241M^ for OATS. 
(1.34) (0.004) (0.15) 
5. C = 7.52029 + 0.01162M - 0.53522M^ for BARLEY. 
(2.50) (0.005) (0.24) 
6. C = 7.30367 - 0.74054[L0GEM] - 0.0064[M]°'^ for SOYBEANS 
(2.29) (0.55) (0.004) 
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7. C = 22.94834 + 4.8979l[L0GEM] - 27.23916[m]°*^ for LIVE 
(6.04) (1.63) (8.65) HOGS 
where 
C is the rail freight rate in cents per ton and mile, for 
shipping the particular commodity between the regions. 
M is the distance in miles between the centers of the regions. 
The functional forms were estimated using data provided by U.S.D.A. 
publications [40] and other research works [30]. 
4.1.2. Truck freight rates 
Truck freight rates for feed grains were received from the 
projections of the average revenue per intercity ton-mile charged from 
Class I and II intercity common carriers [l]. Rates for 1980 were 
estimated at 8.60 cents per intercity ton-mile. 
Truck freight rates for live hogs vary considerably and depend upon 
the trip length, the yearly mileage and the level of backhauls of the 
truck. This cost variability is enlarged more for truck firms of 
different size. In this study, 48.5 cents per mile for 1980 for a truck 
driven 150,000 miles annually was considered [5]. The freight rate per 
ton and mile was estimated from the following functional form derived 
from data provided by the American Trucking Associations, Inc.[l] 
C = 2.47849 + 0.06368 C 
m 
where 
C is the cost per ton-mile in cents. 
C is the cost per mile in cents. 
m 
Transportation origin and destination cities representing regions are pre­
sented in Table 11. Data and.results are. presented in the Appendices. 
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4.2. Estimation Procedure 
Data for the distances between cities representing regions for 
trucks and railroads respectively were found, and cost per ton and 
mile was estimated per route by substituting the miles corresponding 
to this route to the estimated cost function, and then adjusted to 
the particular year by means of freight indices. 
4.2.1. Example 
Route AB 
= 2.47849 + 0.06368CAB) 
where 
= cost/ton mile for shipping the particular 
commodity from A to B. 
(AB) = the distance of the two points (cities) in 
miles. 
The total cost per ton and per route was calculated as 
= CSBXC^j) = (MXC^j) 
Total cost per lb. and per 100 lbs. of each of the commodities, six 
feed products and live hogs, by both railroads and trucks were estimated 
considering 2000 pounds per ton. 
(TCAS) 
The final cost per lb = Cg^ = q^qo (Igg) 
where 
IgQ is a freight index. 
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Table IL Transportation origin and destination cities representing 
regions 
Region Number Representative City States in the Region 
1 Boston New England States 
2 New York New York 
3 Harrisburg Pennsylvania 
4 Baltimore (N.J., Ma., Del.) 
5 Columbus Ohio 
6 Detroit Michigan 
7 Indianapolis Indiana 
8 Louisville Kentucky 
9 Charleston West Virginia 
10 Richmond Virginia 
11 Raleigh N. Carolina 
12 Chicago Illinois 
13 Milwaukee Wisconsin 
14 Nashville Tennessee 
15 Columbia South Carolina 
16 Atlanta Georgia 
17 Birmingham Alabama 
18 Tampa Florida 
19 Jackson Mississippi 
20 Baton Rouge Louisiana 
21 Little Rock Arkansas 
22 Kansas City Missouri 
23 Des Moines Iowa 
24 St. Paul Minnesota 
25 Bismark North Dakota 
26 Pierre South Dakota 
27 Omaha Nebraska 
28 Wi chita Kansas 
29 Oklahoma City Oklahoma 
30 Dallas Texas 
31 Albuquerque New Mexico 
32 Denver Colorado 
33 Casper Wyoming 
34 Butte Montana 
35 Portland Oregon, Washington 
36 Salt Lake City Utah 
37 Winnemucca Nevada 
38 Fresno California 
39 Flagstaff Arizona 
36 
5. MARKETING ANALYSIS 
Frequent and severe hog price fluctuations "within" a year (seasonal 
variation) and "between" years (cycles) suggest an undertaking of 
investigation of market possibilities for better production and marketing 
producers' policies. 
The optimum weight at which hogs should be marketed is a decision 
that has to be made on grounds of marginal revenues and marginal costs 
resulting from marketing hogs at different weight levels; and the relevant 
information taken into consideration is, as follows: 
1. The farm prices of hogs at different weight levels. 
2. The hog price variation within any year. 
3. The total monthly cost of keeping an animal for an extra 
month, or more months. 
4. The additional monthly gain per animal. 
Estimates of hog prices for U.S. No. 2.3 grades which under the new 
(since 1968) system is expected to include the 75% of the hogs offered 
in the markets were found from the following relationships; 
and estimates of the monthly hog prices (corresponding in in each 
month) were found from the following normal type function 
P ki 
where 
is the price of k lbs. in the i market 






is the price at the m month 
— th 
P^y is the price at the 7 month 
P^^ is a monthly price index 
are presented in Tables 12-19 for the eight markets. 
Estimates for monthly costs and assumed monthly gains were the 
Hassler's assumptions for the efficient Class I hogs [18]. 
The break-even points, or break-even forward prices are those that 
a zero net return would be realized by selling a month or more months 
later at this expected price. Better prices provide gains and lower 
result net losses. 
A comparison of break-even forward prices with the monthly price 
index calculated as previously described and expressed in different 
nominal prices indicates; 
1. the opportunity gains or losses per hog of five month 
age if marketed at a heavier weight, 
2. the better months in every year for selling hogs of the 
sixth month against the selling of five months, and 
3. the optimum weights that correspond to maximum difference 
of gains between these succeeded at the relevant weight 
under investigation and the gain for keeping the animal 
of five months for an extra month. 
As with Hassler's cases, the results of this research work indicated 
optimum weight ranges in a year so diverse as to lead to a specific 
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justified weight, especially for the industrial and commercial cases 
which must produce about the same number of hogs per month. Therefore, 
as suggested by relevant publications as the most efficient weight, 
225 pounds, had to be followed for all types of farms and for all 
regions, except the average type. 
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Table 12, Market number 1; price variation "in" any year and price 
relationships for hogs U.S. No, 2 ,  3 grades sold at different 
weights (St, Paul: Minnesota, Wisconsin) 
Price Variation "in" any Year 
P = 94,254 e -132C.000023)(x-7)' 
Month Jan. Feb, ' Mar. April 
P index 84.49 87.36 89.78 91,71 
May June July 
93.11 93.96 94.25 
Month Aug. Sept. Oct. 





p, = a + a.P 
k o 1 o 
P = P at 200-220 lbs, 
o 
P^ = P at 220-240 lbs. 
P^ = P at 240-270 lbs. 
P^ = P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No. 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
P^ = 0.9990 P 
1 o 
P. = -0.7072 + .9987 P 
2 o 
P„ = 0.9236 P 
J o 
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Table 13. Market number 2: price variation "in" any year and price 
relationships for hogs U.S. No. 2, 3 grades sold at different 
weights (St. Louis; Missouri, Arkansas, Louisiana, Missis­
sippi, Oklahoma, Texas) 
Price Variation "in" any Year 
P = 94.632 e -132(.000021)(x-7)' 
Month Jan. 
P index 85.64 
Feb. Mar. April 
88.29 90.92 92.30 
May June July 
93.58 94.37 94.63 
Month Aug. Sept. Oct. Nov. Dec. 
P index 94.37 93.58 92.30 90.52 88.29 
Price Relationships 
fk = + Vo 
where: 
P at 200-220 lbs. 
P at 220-240 lbs. 
P at 240-270 lbs. 
P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No. 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
= 0.9950 P 
= 0.9638 P 
= 0.9198 P 
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Table 14. Market number 3: price variation "in" any year' and price 
relationships for hogs U.S. No, 2, 3 grades sold at different 
weights (Indianapolis: Maine, New Hampshire, Vermont, New York, 
Massachusetts, Rhode Island, Connecticut, New Jersey, Kentucky, 
Pennsylvania, Delaware, Maryland, Tennessee, Indiana, Ohio, 
West Virginia, Virginia, North Carolina, Michigan) 
Price Variation "in" any Year 
P = 94.632 e-"2<-û00022)C^7)2 
Month Jan. Feb. Mar. April May June July 
P index 85.23 88.00 90.33 92.19 93.5 3 94.33 94.63 
Month Aug. Sept. Oct. Nov. Dec. 
P index 94.35 93.53 92.19 90.33 88 .00  
where; 
Price Relationships 
P, = 0.9893 P 
1 o 
P„ = 0.9555 P 
2 o 
P„ = 0.9201 P 3 o 
= P at 200-220 lbs. 
= P at 220-240 lbs. 
= P at 240-270 lbs. 
= P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No. 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
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Table 15. Market number 4: price variation "in" any year and price 
relationships for hogs U.S. No. 2 ,  3 grades sold at different 
weights (Interior Iowa: Iowa) 
Price Variation "in" any Year 
P = 91.468 
Month Jan. Feb. Mar. April May June July 
P index 81.92 84.73 87.09 88.98 90.33 91.18 91.46 
Month Aug. Sept. Oct. Nov. Dec. 
P index 91.18 90.35 88.98 87.09 84.73 
where: 
Price Relationships 
fk ' + Vo 
= 0.9951 P 
1 o 
P^ = 0.9561 P 
2 o 
P- = 0.9190 P 
3 o 
= P at 200-220 lbs. 
= P at 220-240 lbs. 
= P at 240-270 lbs. 
= P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No. 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
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Table 16. Market number 5; price variation "in" any year and price 
relationships for hogs U.S. No, 2 ,  3 grades sold at different 
weights (Omaha; Nebraska, Kansas, Wyoming, Colorado, Nevada, 
Utah, Arizona, New Mexico, California) 
Price Variation "in" any Year 
P = 92.019 ^-72(.000039KX.7-)^ 
Month Jan. Feb. Mar. April May June July 
P index 83.17 85.78 87.97 89.72 90.99 91.76 92.01 
Month Aug. Sept. Oct. Nov. Dec. 
P index 91.76 90.99 89.72 87.97 85.78 
where; 
Price Relationships 
= Go + 
P 
o 
= P at 200-220 lbs. 
Before 1968 
U.S. No. 1,2 
1968 & After 
2,3 
= P 
' at 220-240 lbs. U.S. No. 1,2 2,3 
^2 
= P at 240-270 lbs. U.S. No. 1,2,3 2,3,4 
F-, = P at 270-300 lbs. U.S. No. 2,3 3,4 
= 0.9985 P 
= 0.9702 P 
= 0.9372 P 
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Table 17, Market number 6: price variation "in" any year and price 
relationships for hogs U.S. No, 2, 3 grades sold at different 
weights (Sioux City: North Dakota, South Dakota, Montana, Idaho, 
Washington, Oregon) 
Price Variation "in" any Year 
P = ,2.019 
Month Jan. Feb. Mar. April May June July 
P index 82.74 85.47 87.77 89.60 90.93 91.74 92.01 
Month Aug. Sept. Oct. Nov. Dec. 
P index 91.74 90.93 89.60 87.77 85.47 
where: 
Price Relationships 
P, = a + a^P 
k o 1 o 
= 0.9970 P 
= 0.9694 P 
= 0.9411 P 
= P at 200-220 lbs. 
= P at 220-240 lbs. 
= P at 240-270 lbs. 
= P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No, 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
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Table 18. Market number 7: price variation "in" any year and price 
relationships for hogs U.S, No, 2 ,  3 grades sold at different 
weights (Thoraasville: Florida, Alabama, Georgia, South Carolina) 
Price Variation "in" any Year 
P = 93.597 e -60(.000056)Cx-7)' 
Month Jan, Feb, Mar, April 
P index 82.93 86,09 88,69 90,80 
May June July 















fk = "o + Glfo 
P = P at 200-220 lbs, 
o 
P^ = P at 220-240 lbs. 
P^ = P at 240-270 lbs, 
P^ = P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No. 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
= 0.999999 P 
= 0.9498 P 
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Table 19. Market number 8; price variation "in" any year and price 
relationships for hogs U.S, No. 2 ,  3 grades sold at different 
weights (Chicago: Illinois) 
Price Variation "in" any Year 
Month Jan. 
P index 84.33 
Feb. Mar. 
86.97 89.18 
P = 93.267 ,-60(.000046)a-7V 
April May June July 
90.94 92.22 93.00 93.26 
Month Aug. Sept. 
P index 93.00 92.22 
Oct. Nov. Dec. 
90.94 89.18 86.97 
where; 
Price Relationships 
'k = G:. + Vo 
P = P at 200-220 lbs. 
o 
P^ = P at 220-240 lbs. 
Pg = P at 240-270 lbs. 
P^ = P at 270-300 lbs. 
Before 1968 1968 & After 
U.S. No. 1,2 2,3 
U.S. No. 1,2 2,3 
U.S. No. 1,2,3 2,3,4 
U.S. No. 2,3 3,4 
= .9860 P 
= .9444 P 
= .9028 P 
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6. PRODUCTION ANALYSIS 
The hog producing enterprise is attractive to farmers because of 
the fast turnover of capital as a result of the rapid reproduction and 
short period of growth of hogs in relation to other farm animals. Also 
it has lower investment requirements in relation to either gross or net 
income than do most other livestock investment projects. Finally, hogs 
are one of the most efficient farm animals in converting energy to 
meat [59,37]. 
A swine operation needs enterprise planning to be efficient. The 
producer should always be aware of the costs of production and the value 
of his product. He also should understand the advantages from the use 
of new technology in hog production and the cost economies associated 
with larger operations. 
The number of litters per year and the number of pigs per sow 
were found to be [59] closely related to profitable production. Pigs 
per litter again is closely related to the size of the herd because of 
better management practices and equipment facilities used on large 
farms. 
The future size of the operation will depend upon managerial 
ability and the function that the hog enterprise has in the total farm 
business [29] . The trends are toward commercial and industrial livestock 
production units which can apply the improved production practices. 
Also, there may be economies associated with conglomeration [24], 
besides the conventional economies of size associated with horizontal 
integration. 
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Available facilities or labor are the factors that limit the size 
of the hog enterprise. As research points out, economies of buildings, 
labor and feed are attained at levels of 25, 30 and 45 sows correspond­
ingly, with the total cost reaching a minimum at the level of 50 sows 
[37,3]. The vertically integrated swine enterprise, farrowing, growing and 
finishing, has a significant reduction in its total cost. Due to more 
intensive use of equipment, additional economies in buying and processing 
feed are estimated at the 150 sow size and larger [37]. Also, lower costs 
due to a reduction in buying and processing feed cost can be attained 
at the 1000 sow size with the proper managerial ability [37]. 
6.1. Types of Farm Structures 
In this research work, three types of enterprises in terms of 
size were considered consistent with the efficient size researchers 
from different U.S. universities expect to be on the assumption of 
existing managerial abilities correspondingly to attain the higher 
numbers of litters per year and pigs per sow. 
The three types of farms are; the average farm assuming that a min­
imum total cost is achieved at the level of 50 sows with average management; 
the commercial farm operating at the level of 200 sows with economies 
resulting from buying and processing feed on the farm and the industrial 
type of farm that, in addition to the advantages of buying and processing 
feed on the farm, is assumed to realize more pigs per sow yearly than 
any other type of farm-size [59]. 
The exact description of the size of each of the three types of 
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farms that are considered is shown in the Table 20 and the planning 
considerations that led to these figures follow. However, with regards 
to the average type of farm, the figures of Table 22 are ideal and not 
the realized with respect to "Hogs to Markets" since the actual number 
of pigs per litter born was assumed to be estimated by regions by 
projections from actual data, as shown in Table 22. 
Table 20. Planning guide: types of farrowing, growing and finishing 
enterprises 
Average Commercial Industrial 
Type 3 Type 2 Type 1 
Litters 96 400 6000 
Sows 100.88 1588.23 
Gilts 94.12 1411.77 
Sows total 48 200 3000 
Non breeding 
sows 9 36 540 
Replacement 24 96 1440 
Boars 1.5 6 90 
Hogs to markets 672 3004 47,520 
H/L to markets 7.00 7.51 7.92 
6.2. Planning the Swine Enterprise: The Breeding Stock 
6.2.1. The boar 
An artificial insemination program is not considered, the reasons 
being that boar semen cannot be frozen and therefore cannot be stored, 
and the difficulty in detecting when females are in heat. Hand-mating 
system is assumed since more sows can be bred to a boar during the 
breeding season, and breeding records can be kept. Sows are bred twice 
about 24 hours apart during the heat period, the first being late the 
first day of heat. 
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The boar is used with this hand-mating, system'twice per day [42] if 
young (8-12 months old) and up to four times if mature (over 12 months 
old)[29]. 
In each of the enterprises, at a particular year, is assumed to 
exist a number of active boars by age as follows; 
a. of age 8-20 months old = k 
b. X2 of age 21-32 months old = k 
c. Xg of age 33-44 months old = k. 
That is, they will be replaced every three years, by young pigs (150 lbs.) 
that will be kept from replacement boars three times the number of boars 
needed, and the rest will be sold. 
6.2.2. The sow 
The number of sows and gilts in the swine enterprise for full 
utilization of the boars is calculated on the following basis: 
Times daily that the boars can be used in mating; 
1. first age boars = 2 
2. second age boars = 2 
3. third age boars = 4 
4. all boars = 8X. assuming the same number 
^ of boars in each age (X_). 
Times monthly the boars can be used; 
all boars = 240X^ = 30(8X^) 
Number of sows that are bred on the assumption that they are bred 
twice: 
all sows = 120X^ = ^ X^ = ^ (8X^) 
that is, assuming as a unit the three boars, one from each age, then this 
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unit of the three males can be fully utilized monthly by 120 sows. 
Number of litters per year on the assumption that the unit of 120 
sows will give 1.7 litters per year [33]. 
Litters per year = 204 = (1.7 L/sow)(120 sows) 
Number of sows with two litters per year (=breeding sows): 
Breeding sows = 102 = (litters yearly/2 litters yearly) 
Non-breeding sows, or out of schedule = 18 = (120 - 102). 
Number of gilts needed assuming that replacement of sows will take 
place at the rate of 40% each year, and for each gilt needed three times 
more pigs will be saved and grow to 250 obs. before 1/3 of them is 
selected to replace the sows: 
Sows for replacement = 48 = (40%)(120) 
Gilts kept = 48 
Pigs saved at 150 lbs. = 144 = (3)(48) 
Pigs sold at 250 lbs. = 96 = (144) - (48). 
6.2.3. The pigs 
The number of pigs per litter (P/L) born by type of farm is assumed 
to be the projected figure for the average farm (Table 22), 9.5 for the 
commercial farm and 10.0 for the industrial farm, and the total number 
of pigs per litter sold to market is calculated for all type of farms 
with the following assumptions [37]; 
a. 15% death loss at weaning (w) 
b. 4% death loss growing-finishing phase (g,f) 
In Table 21 are presented the numbers of pigs per litter born, 
weaned and marketed for all types of farms, as well as the marketed pigs 
Table 21, Pigs per litter bom, weaned and marketed by type of farms 
Commercial Industrial Commercial Farm Industrial Farm 
farm farm Replace- Replace- Total Replace- Replace- Total 
structure structure ment hogs ment hogs pigs ment hogs ment hogs pigs 
marketed marketed marketed marketed 
P/L Bom 
death loss(w) 15% 9.5 10 
P/L Weaned 
death loss(g,f) 4% 8.075 8.5 
P/L To market 
at 225 lbs 7.75 8.16 7.03 7.44 
From 204 litters 1581 1664.64 
For gilts replace­
ment 144 144 0.705 0.47 0.705 0.47 
For boar replace­
ment 3 3 0.015 0.01 0.015 0.01 
Replacement total 
at 250 lbs 147 147 0.720 0.48 0.48 0.720 0.48 0.48 
Total P/L to MKT. 7.51 7.92 
53 
Table 22. Average farm: projected and actual values of pigs per litter 
by states 
Actual Projected Pigs per litter 
P/L in P/L in 
State (1968 - 70) 1975 1980 
Maine 7.02 6.71 6.71 6.71 
New Hampshire 6.45 7.44 7.44 7.44 
Vermont 7.35 7.34 7.34 7. 34 
Massachusetts 6.32 6.35 6.54 6.71 
Rhode Island 6.12 6.01 6.21 6.37 
Connecticut 6.23 6.37 6.37 6.37 
New York 7.71 7.76 7.93 8.08 
New Jersey 5.90 5.63 5.51 5.43 
Pennsylvania 7.68 7.70 7.97 8.20 
Delaware 7.19 7.29 7.56 7.79 
Maryland 7.16 7.35 7.67 7.84 
Virginia 7.42 7.45 7.67 7.86 
West Virginia 7.64 7.72 7.88 8.03 
North Carolina 7.56 7.60 7.84 8.01 
South Carolina 7.10 7.09 7.40 7.67 
Georgia 7.23 7.24 7.44 7.65 
Alabama 7.31 7.31 7.52 7.68 
Florida 6.91 7.26 7.66 7.96 
Kentucky 7.43 7.42 7.63 7.81 
Tennessee 7.40 7.36 7.58 7.77 
Ohio 7.46 7.44 7.60 7.76 
Indiana 7.47 7.51 7.74 7.95 
Michigan 7.37 7.45 7.56 7.65 
Wisconsin 7.66 7.65 7.90 8.12 
Minnesota 7.44 7.60 7.91 8.19 
Iowa 7.29 7.36 7.51 7.62 
Illinois 7.01 7.19 7.33 7.43 
Missouri 7.22 7.34 7.49 7.64 
Mississippi 6.85 6.94 7.32 7.66 
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Pigs per litter 
P/L in P/L in 
1975 1980 
Arkansas 7.26 7.39 7.67 7.93 
Louisiana 6.80 6.67 6.92 7.10 
Oklahoma 7.30 7.34 7.60 7.82 
Texas 7.31 7.29 7.55 7.79 
N ebraska 7.34 7.45 7.71 7.90 
Kansas 7.64 7.63 7.94 8.21 
North Dakota 7.50 7.58 7.89 8.16 
South Dakota 7.37 7.39 7.64 7.82 
Montana 7.63 7.64 7.85 8.01 
Idaho 8.04 7.88 8.17' 8.38 
Wyoming 7,23 7.31 7.60 7.84 
Colorado 7.50 7.42 7.78 8.09 
New Mexico 7.20 7.09 7.26 7.39 
Arizona 7.87 7.53 7.92 8.24 
Utah 7.31 7.16 7.34 7.51 
N evada 6.92 7.33 7.71 8.05 
Washington 7.87 8.06 8.35 8.61 
Oregon 8.30 8.28 8. 66 8.99 
California 7.03 6.90 7.17 7.40 
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from the pigs kept for replacement (R). of sows and boars. 
In Table 23 is presented the typical synthesis of a swine unit; 





Non breeding stock 0.09 
Gilts for replacement 0.24 
Boars for replacement 0.005 
6.3. Planning the Swine Enterprise: Feed Requirements [15,16,22,33,38,42] 
6.3.1. Feed requirements for the breeding stock 
Gilts and boars up to 150 lbs, live as pigs then are separated 
to be fed and gain 1 lb. daily until the breeding period. At that time, 
they are eight months old and weigh 250 lbs. [42j. This 1 lb daily gain 
in weight for these 100 days requires daily feeding for gilts and boars 
the following: 
Protein and Kcal daily requirements for summer and winter, 
respectively: 
Summer Requirements Winter Requirements 
lbs. of protein 0.6 0.685 
Kcal 6000. 7500 
Summer daily requirements; 
4 lbs. ration, with 
15 % protein and 
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1500 Kcal per lb. of ration [8,38] 
Winter daily requirements: 
as during the summer plus 1 lb, of corn daily per animal 
Boars 250-350 lbs, are fed to gain daily 1 lb. [16]. This daily 
gain of 1 lb. requires for summer and winter, respectively; 
Summer Requirements Winter Requirements 
lbs. of protein 0.7 0.785 
Kcal 7500. 9000. 
Summer daily requirements; 
5 lbs. ration with 
14 % protein and 
1500 Kcal per lb, of ration 
Winter daily requirements; 
in addition to summer requirements, one pound of corn 
Boars 350-500 lbs, protein and Kcal requirements for summer and 
winter, respectively; 
Summer Requirements Winter Requirements 
lbs. of protein 0.675 0.760 
Kcal 6750. 8250. 
Summer daily requirements; 
4.5 lbs. ration with 
15. % protein and 
1500. Kcal per lb. of ration 
Winter daily requirements: 
in addition to summer requirements, one pound of corn 
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Gilts 250-350 lbs, are fed to gain daily 0.75 lbs., and the daily 
requirements per animal and phase have as follows:[l6j 
Breeding season for 15 days: the lbs. of protein and Kcal require­
ments daily for summer and winter, respectively are [2,38]! 
Summer Requirements Winter Requirements 
lbs. of protein 0.84 0.925 
Kcal 9000. 10500. 
Summer daily requirements; 
6 lbs. ration with 
14 % protein and 
1500 Kcal per lb. of ration 
Winter daily requirements: 
in addition to summer requirements, one lb. of ration 
Gestation, for 115 days: the total lbs. of protein and Kcal require­
ments for the 115 days summer and winter, respectively (with TON require­
ment 1500 Kcal per lb. of ration)[l5]. 
Summer Requirements Winter Requirements 
lbs. of protein 66.0 77.775 
Kcal 660,000 832,500 
Summer daily requirements; 
First 30 days 3. 0 lbs. of 15% protein ration 
Second 30 days 3. 5 lbs. of 15% protein ration 
Third 30 days 4. 0 lbs. of 15% protein ration 
Last 25 days 5. 0 lbs. of 15% protein ration 
Winter daily requirements; 
in addition to the summer requirements, one pound of corn daily 
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Farrowing season, for 10 days: the total lbs. of protein and Kcal 
requirements for the ten days summer or winter are (with TDN requirements 
1500 Kcal per lb. of ration). 
Summer Requirements Winter Requirements 
lbs. of protein 10.400 10.400 
Kcal 97500 97500 
Summer or winter requirements daily [15]: 
First day nothing 
Second day 2 lbs. of 16% protein ration 
Third day 4 lbs. of 16% protein ration 
Fourth day 6 lbs. of 16% protein ration 
Fifth day 6 lbs. of 16% protein ration 
Sixth day 7 lbs. of 16% protein ration 
Seventh day 8 lbs. of 16% protein ration 
Eighth day 9 lbs. of 16% protein ration 
Ninth day 11 lbs. of 16% protein ration 
Tenth day 12 lbs. of 16% protein ration 
Eleventh day is included in the next period and requires ration 
which is a function of the farrowed pigs. 
Lactation season, for 35 days: the daily and total requirements 
for summer or winter are described as follows [29]: 
(5 + X) lbs. of ration 
15 % in protein ration 
1500 Kcal per lb. of ration 
where X is the number of pigs. 
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Protein (lbs.) Kcal 
Daily Total Daily 1 Total 
X = 8 1.95 68.25 19,500 682,500 
X = 9 2.10 73.50 21,000 735,000 
X = 10 2.25 78.75 22,500 787,500 
Sows 300-450 lbs, are fed to gain daily 0.50 lbs., and the daily 
requirements per animal and phase have as follows: 
Breeding season for 15 days; the lbs. of protein and Kcal require­
ments for summer and winter, respectively are: 
Summer Requirements Winter Requirements 
lbs. of protein 9.450 10.725 
Kcal 101250. 123,750. 
Summer daily requirements; 
4.5 lbs. ration with 
14. % protein and 
1500. Kcal per lb. of ration 
Winter daily requirements: 
in addition to the summer requirements, one pound of corn daily 
Gestation, for 115 days: the total lbs. of protein and Kcal require­
ments for the 115 days summer and winter,, respectively are: 
Summer Requirements Winter Requirements 
lbs. of protein 92. 101.775 
Kcal 862,500. 1,035,000. 
Summer daily requirements: 
5 lbs. ration with 
16 % protein and 
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• 1500 Kcal per lb. of ration 
Winter daily requirements; 
in addition to the summer requirements, one pound of corn daily 
Farrowing season, for 10 days: the total lbs. of protein and Kcal 
requirements for the 10 days with TDN requirement 1500 Kcal per lb, of 
ration summer or winter are; 
Summer Requirements Winter Requirements 
lbs. of protein 9.750 9.750 
Kcal 97,500. 97,500 
Summer daily requirements; 
First day nothing 
Second day 2 lbs. of 15% protein ration 
Third day 4 lbs. of 15% protein ration 
Fourth day 6 lbs. of 15% protein ration 
Fifth day 6 lbs. of 15% protein ration 
Sixth day 7 lbs. of 15% protein ration 
Seventh day 8 lbs. of 15% protein ration 
Eighth day 9 lbs. of 15% protein ration 
Ninth day 11 lbs. of 15% protein ration 
Tenth day 12 lbs. of 15% protein ration 
Lactation season, for 35 days; the daily and total requirements 
for summer or winter are (as described earlier for 250-350 lbs. gilts). 
For the rest 15 days of the year (7.5 days for gilts) are assumed 
to take daily 
61 
4 lbs. ration, with 
14% % protein and 
1500 Kcal per lb. of ration 
and the total requirements for the period are: 
8.4 lbs. protein 
90,000. Kcal 
Feed requirements on a per sow arid litter basis from the breeding 
stock are shown in the following tables; 
Table 25. are presented the protein and Kcal requirements 
for the breeding and non-breeding stock total, per 
sow and per litter. 
Table 26. are presented the protein, energy and the feed 
requirements of the breeding and non-breeding 
stock in terms of total ration 8.5% in protein corn 
and 40% in protein supplement. 
Table 27. are presented the total ration and corn require­
ments (and percentages) per phase and animal in 
the breeding stock. 
Table 28. are presented the final feed requirements per sow, 
litter and pig raised to market weight from breeding 
stock. 
Subscripts a, b, c, d, r, nb, y, m and letters G, S, B in the 
Tables 25-28 are explained as follows; 
a breeding season 
b gestation phase 
c farrowing season 
d lactation season 
r rest period 
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nb non-breeding 
y young (boar) 




6.3.2. Feed requirements for pigs 
The major expense in producing pork is feed and therefore careful 
planning and correctly formulated feeds are essential for a profitable 
swine enterprise. The feed ingredients, besides minerals, vitamins, 
and other chemical additives that are included in largest quantities 
and decide the largest portion of the feed cost are energy and protein. 
Energy in the ration comes from carbohydrates, sugars, fats and 
oils, and even proteins, with the cheapest sources the common farm 
grains. 
Protein in the ration comes also from farm grains but high quality 
proteins are the animal proteins. The most commonly used plant protein 
that compares with animal proteins in quality is soybean meal. 
The nutrient requirements for growing-finishing pigs as they are 
used here come from tables published by the National Research Council 
subcommittee on Swine Nutrition [NRC Publication 1192] and included 
in most university publications. 
The information which was taken into consideration in calculating 
the needed feed is presented [16] in Table 24. 
The required total air-dry feed per animal to attain the weight 
of 225 lbs., liveweight is then calculated to be 671.420 lbs., as 
follows: 
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Table 24. Pigs: feed and ingredient requirements per phase 
10-25 
Live Weight Range 
25-75 75-150 150-225 
X. Liveweight gain lbs. 15 
lbs. 0.60 
G. Expected daily 
^ gain 
f. Total air-dry 
^ feed daily 
dj^ Days 
Crude protein 






























on the assumption that one lb. of TDN has 2000 Kcal of digestable 
energy (DE). 
4 ^i^i. 
F = .è.F, = S d.f. = S (-—) = 671.420 lbs. 
i=l ^ i=l ^ i i=l 
where 
= the gain in liveweight in lbs, in the i^^ range. 
X. 
d^ = ^ = the days required to attain X^ 
= d^f^ = the total air-dry feed to attain X^ 
and the ingredients of the ration in protein and energy are estimated 
to be 96.886 lbs. protein on the assumption that pigs are fed fully on corn 
and 984,129.00 Kcal, respectively. 
4 4 PiXz 
P = .2 P.d. = E ( ) = 96.886 lbs. 
i=l 1 1 i=l G. 
where 
P^ = the crude protein in the daily ration. 
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The crude protein percentage in the total air-dry feed required to 
produce an animal 225 lbs is 14.43% on the assumption that pigs are full 
fed on corn. 
% of crude protein = ^ = 14.43 
r 
and the digestible energy required in the total air-dry feed to produce 
an animal 225 lbs. is E. 
4 E.X. 
E = S E.d. = E(-^) = 984,129.00 Kcal 
i=l ^ ^  ^i 
where 
E^ = Kcal of digestible energy in the daily ration. 
The swine ration can include combinations of com and sorghum grain, 
oats, barley and wheat with the supplement, and the exact percentages in 
com and supplement are calculated [36] considering the information on 
the percent of crude protein in the ration and then the exact amount of 
40% supplement corresponding to 1 lb. of grain. 
In Table 29 are presented the feed, corn and supplement required 
per pig 225 lbs. and 250 lbs., and at 100 lbs. of liveweight hogs produced 
from both commercial and industrial enterprises, considering in addition 
the breeding stock requirements and the requirements for the replacement 
gilts and boars. 
The ration requirements for the 250 lbs. pig as well as any pig 
weighing 225-250 lbs. involve the following consideration that was 
assumed. 
Pigs raised to weigh more than 225 lbs, were fed by extra feed 15% 
in protein 6 lbs. of feed for 1 lb. gain in weight, and the feed (ration) 
is composed of 79.35% corn and 20.65% supplement 
Table 25, Protein and Kcal requirements for the breeding and non-breeding stock 
per phase, per sow and litter 
Breeding Requirements 
Unit Stock per Animal and Phase 
120 Sows Requirements Breeding Gestation Farrowing Lactation Rest Per animal Seasons Period and 
3 Boars G S G S G S G S G S seasons 
Phases 7.5 15 
1 2 1 2 1 2 1 2 days days 
























202,500 1,725,000 195,000 1,470,000 90,000 
135,000 660,000 97,000 735,000 45,000 
Mature Boar Kcal 2,463,750 
Young Boar 2,538,750 
18 sows P 
(non-breeders) Kcal 
^Requirements for a young boar were calculated on the assumption that is fed for 4 months as 
young and for 8 months as mature. 
'^Kcal requirements per year were calculated on the assumption that for 6 months are gilts and 
for the rest 6 month sows. 
Table 25. (Continued) 
Total 
per animal(s) 
S (1 year) 














166.700 355.600 367.353 183.677 
492.750 
248.875 741.625 7.271 3.635 
3,682,500 3,682,500 
1,672,000 3,513,250 3,602,852 1,801,426 
4,927,500 
2,538,750 7,466,250 73,199 36,600 
204,400 3,679,200 36,071 18,036 
2,190,000 39,420,000 386,471 193,236 
Table 26, Protein, energy and feed requirements for the breeding (and non-breeding) stock 
From Breeding Stock 
Per sow Per litter Per sow com 
and ingredients 
Per sow supplement 
and ingredients 
Per sow ration 
and ingredients 
Protein lbs 410.70 205.35 
Kcal 4,062,522 2,031,261 








Assumption: The ration can be composed of com 8.5% in protein and supplement 40% in protein 
to make a mixture with 15% protein. 
Table 26. (Continued) 
From Breeding Stock 
Per litter Per litter Per litter Per pig marketed Per pig marketed 
com supplement Ration Com supplement 
(Bom 9.5 P/L)(10 P/L) (9.5 10 P/L bom) 
(Marketed 7.51)(7.92 ) (7.51 7.92 P/L mkted) 
Protein lbs 
Kcal 
Com lbs 1,067.98 142.21 134.85 
Supplement 
40% lbs 286.34 38.13 36.15 
Ration lbs 1,354.32 
Table 27. Ration and com requirements per phase and animal in the breeding stock (in lbs) [36] 
Ci % Animal and 
Phase 
Lbs/d Days T. Ration Com 
82.54 Ga 6 15 90 74.286 
Sa 4.5 30 135 111.429 
By 5 100 500 412.70 
Gr 4 7.5 30 24.76 
Sr 4 15 60 49.524 
79.37 Gb 3 30 90 71.43 
3.5 30 105 83.34 
4 30 120 95.24 
5 25 125 97.96 
Gd 14 35 490 364.41 
So 65* 130 92.78 
Sd 14 70 980 709.23 
Bmy 4.5 265 1,192.5 946.49 
Bm 4.5 365 1,642.5 1,303.65 
76.19 Gc 65-'- 65 49.52 
Sb 5 230 1,150 876.19 
82.54 Snb 4 365 1,460 1205.08 
Total Ration (lbs) 
Sow Guilt G+S^ Sow 




Total 2,455 1,115 2,343.75 2,402.18 
Note 1. C= Percent of com in the i*-^ ration = EâlZ = Percent of protein in the 
31.5 
i ration (= 14, 15, 16) ; i = a,b,c,d,e,r,y,m = phase of life of the particular animal. 
2. " = total. 
3. Notation is presented in page 61-62. 
Table 27. (Continued) 
Com (lbs) 
Sow Gilt G+S^ Sow 




1,918.14 886.706 1,845.78 1,884.408 
-vj 
o 







Total Ration Com 
Boar y. Boar ym. Boar m. Boars Per sow Boar y. Boar ym. Boar m. Boars Per sow 








1,192.5 3,285.0 946.49 2,607.30 
Sc 
Sb 
Total 500 1,192.5 3,285.0 4,977.5 48.80 412.70 946.49 2,607.30 3,966.49, 38.89 
Table 27. (Continued) 
Total Ration Com 
Non-breeding All non-breeding Per sow from Non-breeding All non-breeding Per sow from 















Total 1,460 26,280 257,647 1,205.08 21,691.44 212.66 






















(1.7 L/y) 1,354.32 1,067.98 286.34 
Per pig raised 








Per pig raised 
to market 225 lbs 
from pigs 671.42(14.43%) 548.86 122.56 
Assumption; Bom P/L Marketed P/L Marketed P/L from replacement 
Commercial 9.5 P/L (7.03) + (0.48) 
Industrial 10 P/L (7.44) + (0.48) 
Table 29 . Total feed requirements .for pigs 
Commercial Farm 
From the 7,03 pigs From the replacement 
marketed/litter marked (0.48 pigs/L) 
Com Supple- Ration 
ment 







Total per pig 691.070 








Total per pig 
At 100 lbs 
629.62 150.18 779.80 
142.21 38.13 180.34 
771.83 188.31 960.14 





Total per pig 
(final) 
Final at 100 
lbs 
23.09 5.64 28.73 
714.16 166.33 880.49 
317.40 73.92 391.33 
1.58 0.38 1.96 
773.41 188.69 962.10 





Total per pig 




Total per pig 





Total per pig 
(final) 
Final at 100 
lbs 
Industrial Farm 
From the 7.44 pigs 
marketed/litter 
Com Supple- Ration 
ment 
548.86 122.56 671.42 
134.85 36.15 171.00 
683.71 158.71 842.42 
303.87 70.54 374.40 
Number of pigs weighting 
250 lbs corresponding to 
1000 pigs 225 lbs 






















The final feed considered for any pig, required an additional 
quantity of feed for the winter days, days with temperatures below 
32°F, that were considered to affect the nutrient requirements cor­
responding to the average farm case. The information for calculating 
the extra lbs. of feed per pig follows. 
6.3.2.1. Weather influence The sow could be affected by 
weather conditions during the breeding and gestation period, that is 260 
days yearly. The rest of the breeding stock could be affected the whole 
year. Therefore, the per sow part of the year that could be affected by 
weather is calculated as A. 
A = 
a S + a, B + a S 
s b n n 
where 
and a. = a =1 
b n 
S, S^, B the number of sows, non-breeding sows and boars, respectively. 
A_ = p , is the per pig part of the weather-year 
where 
P is the number of pigs raised per sow to market. 
Apf^  is the part of the winter days that must be taken 
into account for extra feed (from the breeding stock 
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is the winterdays in the i^^ region three years 
average by states) [53]. 
Apf^Gj^ is the extra gain (daily = 0.75) considered 
for the breeding stock in these winter days. 
A = A f.G.C is the extra com offered in lbs, per 
1 P 1 b 
lb. gained daily, on the assumption that 10 lbs. 
of corn is offered per 100 lbs. gain in weight. 
The weather influence on pigs, from the pigs, is then A^. 
where 
0.10 = lbs. com 
100 lbs. gain in weight 
30 = days 30 
= weight gained per month = 1 lb. 
f^  = winter days 
The total weather influence per pig is then calculated as W 
6.3.2.2. Corn equivalent The total amount of feed per pig 225 
lbs. weight in corn equivalent is C. 
C = cR + sRe + W = 1.76525R + W 
where 
c = 79.35%, the percentage of the ration in corn (8.5% 
in protein). 
s = 20.65%, the percentage of the ration in supplement 
(40% in protein). 
78 
R = the ration in lbs. 
é = the corn equivalent of the 40% supplement contained 
in the ration, that is e = 4.7058 lbs. corn per 
1 lb. supplement. 
W = the weather influence. 
and the per 100 lbs. liveweight required corn equivalent ration is 
<=100 = §1°°' 
where 
B is the marketed weight of the pig. 
The lbs. of the com equivalent requirements and the lbs. of protein 
per 100 lbs. liveweight hogs produced in the commercial and the industrial 
units are the following. 
Commercial 278.80 TDN 56.53 lbs. protein 
Industrial 275.69 TDN 58.61 lbs. protein 
6.3.3. The average farm feed coefficients 
The feed requirements for the hogs produced in the average size 
farm were estimated by using the information provided by various 
published works and U.S.D.A. publications [6]. 
The procedure for the estimation of the required feed in terms of 
feed units (equivalent feeding value equivalent [27]) follows. 
<=1 = cf]c-^] 
C = the lbs. of concentrates fed to hogs in the U.S. 
level [45] 
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A = the total number of grain-consuming animal units of 
hogs fed at the national level [45]. 
Q 
= lbs. of concentrates fed to hogs per grain-consuming 
animal unit of hogs fed at the national level. 
a^ = the total number of grain-consuming animal units 
of hogs in the i^^ state [45]. 
C th 
^i^ A ^ ~ lbs. of concentrates fed to hogs in the i state. 
= the total liveweight production of hogs in the i^  ^
state [46]. 
C i^ [ J ][ ] = lbs. of concentrates per lb. of liveweight hogs 
produced in the i^^ state. 
f. = ' = a feed unit factor 
 ^ ^oi 
fu.s.= tons of feed units of concentrates fed to hogs [47]. 
f .= tons of concentrate feed fed to hogs in the i^^ 
oi 
state [44]. 
The protein requirements were assumed to be a constant percentage 
of concentrate feed fed over all states and equal to 11.6%, as the 
protein content of concentrate ration to hogs, the average of 55-56 
reported in the U.S.D.A. publications [27]. 
The calculated lbs. of concentrates per lb. of produced hogs are 
then recalculated at the 100 lbs. of liveweight hog basis and their 
projections at the relevant year are adjusted twice, as follows. 
6.3.3.1. Adjustments for weather influence According to the 
assumed protein content the lbs. of concentrates are expressed as corn 
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equivalent feed. 
In Table 30 are presented by individual states, the number of pounds 
of concentrates fed to hogs, in the average and commercial farms, per 100 
pounds liveweight hog produced. They are corrected projections. 
In Table 31 are presented by individual states, the number of pounds 
of corn equivalent ration fed to hogs on the average and commercial 
farms in the relevant year. 
6.3.3.2. Adjustment of the concentra tes Adjustment of the 
concentrates fed to hogs per 100 lbs. liveweight produced in the state 
projections was made on the assumption that the ratio between the ration 
requirements to produce the weight hogs are marketed in each state and 
the ration requirements to produce the average weight at which hogs were 
marketed in the U.S. [48j by the commercial-size farm, that is the cor­
rection factor (F\), is the same with the as previously defined ratio for 
the average-size farm. 
and therefore the corrected ration (R^^) for the average-size farm is 
calculated as follows; 
F. 
1 R 
[ 100 ] B 
where 
denotes the lbs. of concentrates fed to hogs at 
the commercial size farm in the state level per 
100 lbs. liveweight hog produced. 
R denotes the lbs. of concentrates fed to hogs at the 
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commercial size farm in the National level per 
100 lbs. liveweight hog produced. 
denotes the lbs. of concentrates fed to hogs at the 
average size farm in the state level, per 100 lbs. 
liveweight hogs. 
R^  ^ denotes the lbs. of concentrates fed to hogs at 
the average size farm in the state level, per 
100 lbs. liveweight hogs. 
denotes the correction factor. 
6.4. Planning the Swine Enterprise; Buildings and Equipment 
6.4.1. Buildings 
Confinement feeding gives the producer greater control over the 
environment of the pig, pigs gain faster and more pigs can be produced 
with the same management. The environmentally controlled confinement 
systems become more competitive from the standpoint of building and 
equipment costs, and this overshadows the competitiveness of the conven­
tional system from the standpoint of labor as size of the enterprise 
increases [39,29]. 
In this work, the environmentally controlled confinement system is 
assumed in all three size-farms, and the characteristics of every 
building and equipment units are consistent with those described in most 
publications by extension agricultural engineers. 
A general description of a building showing pen dimensions and 
number of hogs per pen is presented in [39] and the exact number of 
buildings and the area requirements per building and phase of production 
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Table 30, Average farm; lbs of concentrates required per 100 lbs of hogs 
produced under the average and commercial farm structures at 
the state weight of marketed hogs 
State Weight of Average Farm Commercial Farm 
marketed 1980 1980 
hogs Corrected projections at these weights 
Ration Required ration 
Maine 255 316.27 391.44 
New Hampshire 267 320.75 396.98 
Vermont 246 316.10 391.23 
Massachusetts 238 313.74 388.31 
Rhode Island 240 313.00 387.39 
Connecticut 230 312.09 386.27 
New York 224 538.73 386.38 
New Jersey- 202 304.19 384.77 
Pennsylvania 219 562.58 385.60 
Delaware 217 443.46 384.78 
Maryland 211 391.25 384.32 
Virginia 211 513.23 384.70 
West Virginia 253 592.36 387.57 
North Carolina 213 515.60 383.83 
South Carolina 213 391.60 383.67 
Georgia 192 402.77 384.37 
Alabama 202 467.28 383.80 
Florida 199 476.18 383.78 
Kentucky 216 641.43 385.14 
Tennessee 193 600.95 384.75 
Ohio 217 377.79 385.98 
Indiana 235 422.95 388.09 
Michigan 226 438.93 388.70 
Wisconsin 204 522.51 389.69 
Minnesota 241 530.14 389.87 
Iowa 242 470.04 389.10 
Illinois 254 489.14 389.17 
Table 30. (Continued) 
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State Weight of Average Farm Commercial Farm 
marketed 1980 1980 
hogs Corrected projections at these weights 
Ration Required ration 
Missouri 229 497.55 386.31 
Mississippi 210 433.67 383.79 
Arkansas 217 662.49 384.06 
Louisiana 204 460.18 383.84 
Oklahoma 230 484.07 385.35 
Texas 225 408.89 384.17 
N ebraska 250 452.50 389.58 
Kansas 235 460.27 386.32 
North Dakota 242 492.25 391.66 
South Dakota 257 502.36 392.32 
Montana 228 602.45 388.27 
Idaho 216 499.34 386.54 
Wyoming 220 481.27 386.68 
Colorado 231 438.96 386.24 
New Mexico 231 529.46 385.10 
Arizona 226 414.07 385.38 
Utah 213 486.22 384.60 
N evada 211 554.89 385.14 
Washington 217 568.09 385.46 
Oregon 217 467.63 384.84 
California 218 438.84 384.17 
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Table 31. Average farm; concentrates and com equivalent ration per 
100 lbs hogs produced 
Winter days Weight of Com Com Lbs of 
Days with marketed equivalent equivalent concen-
State temperature hogs ration ration trates 
below 32 F required required in 
the commer­
cial farm 
Maine 71.50 250 1,723.11 968.00 311.23 
New Hampshire 109.00 270 1,878.45 1,054.46 311.23 
Vermont 68.00 250 1,723.11 968.00 311.23 
Massachusetts 40.00 240 1,648.09 926.24 311.23 
Rhode Island 24.50 240 1,648.09 926.24 311.23 
Connecticut 23.33 230 1,574.39 885.00 311.23 
New York 38.75 220 1,502.01 844.94 537.08 
New Jersey 16.33 200 1,363.00 767.57 304.53 
Pennsylvania 25.66 220 1,502.01 844.94 562.00 
Delaware 12.00 220 1,502.01 844.94 443.94 
Maryland 11.40 210 1,431.40 805.64 392.15 
Virginia 17.75 210 1,431.40 805.64 593.900 
West Virginia 6.40 250 1,723.11 968.00 588.730 
North Carolina 3.29 210 1,431.40 805.64 517.440 
South Carolina 0.66 210 1,431.40 805.64 393.158 
Georgia 0.63 190 1,295.22 730.23 403.643 
Alabama 0.40 200 1,363. 767.57 468.977 
Florida 0 200 1,363. 767.57 477.940 
Kentucky 18.00 220 1,502.01 844.94 641.532 
Tennessee 5.89 190 1,295.92 730.23 601.660 
Ohio 32.00 220 1,502.01 844.94 377.034 
Indiana 36.25 240 1,648.09 926.24 419.801 
Michigan 64.00 230 1,574.39 885.22 434.983 
Wisconsin 98.00 200 1,363 767.57 516.485 
Minnesota 66.95 240 1,648.09 926.24 523.790 
Iowa 53.20 240 1,648.09 926.24 465.340 
Illinois 33.20 250 1,723.11 968.00 484.160 
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Table 31, (Continued) 
Winter days Weight of Com Com Lbs of 
Days with marketed equivalent equivalent concen­
State temperature hogs rat ion ration trates 
below 32°F required required in 
the commer­
cial farm 
Missouri 24.00 230 1,574.39 885.22 496.130 
Mississippi 2.66 210 1,431.40 805.64 435.259 
Arkansas 0.00 220 1,502.01 844.94 664.456 
Louisiana 1.00 200 1,363 76 7.57 461.810 
Oklahoma 8.00 230 1,574.39 885.22 483.883 
Texas 1.84 220 1,502.01 844.94 409.984 
N ebraska 40.14 250 1,723.11 968.00 447.416 
Kansas 24.20 230 1,574.39 885.22 458.935 
North Dakota 96.25 240 1,648.09 926.24 484.138 
South Dakota 63.67 260 1,799.02 1010.25 493.236 
Montana 56.78 230 1,574.39 885.22 597.696 
Idaho 41.40 220 1,502.01 844.94 497.610 
Wyoming 43.75 220 1,502.01 844.94 479.430 
Colorado 22.80 230 1,574.39 885.22 437.787 
New Mexico 3.83 230 1,574.39 885.22 529.600 
Arizona 8.50 230 1,574.39 885.22 413.878 
Utah 16.00 210 1,431.40 805.64 486.990 
N évada 25.00 210 1,431.40 805.64 554.984 
Washington 23.38 220 1,502.01 844.94 567.710 
Oregon 13.00 220 1,502.01 844.94 468.067 
California 1.92 220 1,502.01 844.94 440.012 
U.S. 233 1,526.49 897.53 
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are presented next and in the tables that follow for all-size farms, 
assuming that the buildings were built in the proper way around the 
lagoon and every building is next to the building of the following 
phase so that costs and labor are kept to a minimum. 
Descriptional requirements for the commercial and industrial 
farms: 
buildings 2 24 
building-area 45' x 50' 45' x 50' 
square ft/sow 21 17.5 
pen (13',8')xl0' (13',8')xl0' 
pens/building 5+5 5+5 
alley 1(3') 1(3') 
sows in the building 100 125 
6.4.1.1. Gestation unit Sows and gilts enter the building 1% 
months after farrowing and stay as a group for about 112 days. 
6.4.1.2. Farrowing unit Sows enter 3-5 days before farrowing 
and stay three weeks. They farrow every 158 days (G112, L42, W-B4). 
buildings 4 32 
sow area 5' x 7* 5' x 7* 
alleys 3(3',4'3'). 3(3',4'3') 
width of building 
(inside) 24' 24' 
length of building 
(inside) 68' 88' 
stalls 24 32 
sows 24 32 
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farrowings/year 4 6 
litters/year 400 6000 
litters at the 
farrowing, month 100 1000 
6.4.1.3. Nursing unit Pigs enter one month old (about 10 lbs.) 
and stay till 40 lbs. (about 4.5 weeks). 
buildings 1 10 
building area 96* x 33' 96* x 33' 
pens per building (8+8) (8+8) 
pen size (150 sq. 
ft at least) (12'xl6') (12'xl5') 
size of group of pigs 25 25 
(same age or 20% 
weight range) 
pigs per pen 50 53 
groups together 2 2 
In this building, for the commercial case, pigs stay till 100 lbs. (about 
5,5 weeks from 40 lbs., 14 weeks from birth, but are separated into two 
subgroups of 25 pigs, which allow 3 sq. ft. area per pig.) 
Pigs per far. phase 
at 8.075 P/L saved 807.5 
at 8.5 P/L saved 850 
(mortality 15%) 
Pigs per building 807.5 850 
6.4.1.4. Growing unit Pigs, for the commercial case, enter 
when 100 lbs., about 14 weeks from birth and stay till 225 lbs., about 
three months. 
Pigs, for the industrial case, enter when 40 lbs., about 8.5 weeks 
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from birth and stay till 140 lbs., about 2 months (till 17 weeks from 
birth). 
buildings 2 10 
building area 96' x 30' 136' x 30' 
pens per building 16 34 
size of pen 12' x 12'2" 8' x 12'2" 
group size per pen 25 25 
area per pig (sq. ft) 6 4 
pigs per buildings 400 850 
pigs per building(s) (775.2) 824.5 
6.4.1.5. Finishing unit for the industrialized farm Pigs enter 
when 140 lbs. (about 17 weeks from birth) and stay till six months old. 
buildings 10 
building area 204' x 30' 
pen area 12' x 12'2" 
pen per building 34 
group size per pen 25 
area per pig (sq. ft.) 6 
pigs per building (up to 850) 816.25 
6.4.1.6. Non-breeding stock unit For non-breeding sows, boars 
and the replacement hogs 
buildings 1 2 
building area 45' x 70' 45' x 180' 
pen area (13',8')xlO' (13',8')xl0' 
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per animal area 
(sq. ft.) 20 20 
animals per pen 15 15 
animals per pens 
(non-breeding stock, 
replacement hogs) 14 72 
animals: non-breeding 
stock 36 540 
animals: replacement 
stock 96 1440 
6.4.1.7. Boar unit for the industrialized farm 
building 1 
building area 45'x50' 
pens (5+5) 
pen area (13',8')xlO' 
6.4.2. Equipment 
6.4.2.1. Heat and ventilation requirements [9] Effective 
livestock buildings have a variety of features designed to provide an 
optimum environment of temperature, moisture and air movement, as proper 
construction, insulation and ventilation systems [9]. 
Heat is defined as a form of energy which is transmitted from one 
body to another because of temperature differences, and is measured 
in BTUs. The total heat transmitted is the sum of latent heat (Q^ ) 
and sensible heat (Q* ) [9]. 
Q = QL + Qs 
The released amount of and Qg heat is variable in a building depending 
upon the number and the weight of the animals inside. The Qg produced 
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inside a building must equal the Qg heat loss, if the temperature is 
to remain constant, and the must be known to determine the amount of 
moisture in the air that must be disposed of by the outgoing ventilation 
air. 
Qg gain = loss 
Total-heat loss = = Qg + 
Heat loss due to buildings = 
Heat loss due to ventilation = 
"b ' [ I ] 
where 
Qy = (cf/h)(At)(0.016) 
t^  - tg = At the difference of inside-outside temperature 
A = sq. ft. of wall, or ceiling 
R = the resistance of heat transfer 
cf/h = (volume of air)(changes per hour) = (LWH)(3) 
L,W,H = length, width and height of the building 
Table 32 shows the information used in this work for all buildings 
for the Qg calculations [9]. 
Table 33 shows the information for the calculations of heat loss 
due to ventilation, that is the length, width and height of the buildings. 
The heat produced in the building by the animals (Qg) is calculated 
as follows: 
Qg = (Qg)(a)(cwt) 
Qg = the Qg per phase 
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Table 32. Information for heat loss calculations due to buildings (QB) 
R Values 
Ceiling 13. 94 
Wall 9. 78 
Foundation 8. 50 
Penmeter 2. 22 
Building Dimensions 
Length G G FH FH N N 
1. Length 51 51 69 89 97 97 
2. Width 46 46 25 25 34 34 
3. Wall height 6 6 6 6 6 6 
4. Foundation 
height 2 2 2 2 2 2 
5. Of & Wall 194 194 188 228 262 262 
6. Ceiling 
area 2346 2346 2499 1932 2492 3589 3589 
7. Wall area 1164 1164 1302 1204 1444 1674 1674 
8. Foundation 
area 388 388 376 456 524 524 
Extra for 
ceiling 
area 153 153 
Extra for 
wall area 2 X 69 2 X 69 
GF G F Boar NBS NBS 
1. Length 97 137 205 50 71 181 
2. Width 31 31 31 45 46 46 
3. Wall height 6 6 6 6 6 6 
4. Foundation 
height 2 2 2 8 2 2 
5. Of & Wall 256 305 472 190 234 454 
6. Ceiling 
area 3298 4658 6970 2400 3479 8869 
7. Wall area 1629 1923 2925 1275 1542 2862 
8. Foundation 
area 512 610 944 380 468 908 
Note 1. G = Gestation house, FH = Farrowing house, N = Nursing house, 
GF = Growing-Finishing house, G = Growing, F = Finishing, 
Boar house, NBS = Non breeding stock house. 
2. The roof has 30° angle. 
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Table 33. Information for heat loss calculations due to ventilation (Qy) 
L W H 
51 46 8 Gestation unit 
51 46 8 Gestation unit 
69 25 8 Farrowing house 
89 25 8 Farrowing house 
97 34 8 Nursing house 
97 34 8 Nursing house 
97 31 8 Growing-f ini shing 
137 31 8 Growing 
205 31 8 Finishing 
71 46 8 Non-breeding stock 
181 46 8 Non-breeding stock 
50 45 8 Boars 
"s.sou = 220 Btu/hr. cm 
"s.hogs = <="' 
a = the number of animals 
cwt = the number of cwt per animal 
Table 34 shows the information used to calculate produced. In 
all the above considerations, the Qg expression in kw/h requires division 
of BTU/h by 3.413 and the expression for ventilation in watts 
requires division of (eft air)/m by 10.0 assuming that the fans used 
have efficiency 10 cftm~^/m [56] and the number of fans per building 
was calculated as iq 
_ (cu. ft/H required) _ volume of air required 
 ^ (60)(cu. ft./min) capacity of the fan 




The total amount of supplemental heat required (Q) is then calculated 
as follows: 
S^R ~ ~ ~ ~ 
Table 34. Information for the calculation of heat produced by the 
animals and phase (Q^) 
number of animals building number of cwt 
Qg factor in the building per animal 
Sows 320 
Hogs 29 3 
100 Gestation unit 3.5 
125 Gestation unit 3.5 
24 Farrowing house 3.5 
32 Farrowing house 3.5 
807 Nursery house 0.4 
783 Nursery house 1.0 
775 Growing & Finishing 1.5 
825 Growing 0.9 
816 Finishing 1.8 
138 Non-breeding stock 3.0 
990 Non-breeding stock 3.0 
90 Boar 3.0 
6.4.2.2. Feed processing and storage facilities The total cost 
per ton of processed feed on the farm vs custom rate per ton was the 
main factor affecting the decision on purchasing on-farm processing 
equipment. The other considerations were quality of feed and better 
prices on purchased feed resulting from volume discounts. The total cost 
refers to cost of storage grain and supplement bins, and processing units. 
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6.4.2.3. Planning the processing unit [58] The bought feed 
grains and the supplement arrive at the permanent receiving dump, are 
lifted vertically by means of augers or bucket elevators and finally are 
distributed to separate storage bins for grains and supplement. Then 
depending upon the number of hogs in the farm, and therefore the required 
mixed feed, the processing equipment of the proper capacity takes care 
of mixing-grinding the feed ingredients. The processed feed is finally 
distributed to hogs. 
Maximum amount of feed per animal in each month which are presented 
in Table 35, with information mainly from [33] , is the first step in 
deciding the type of the equipment required. 
Maximum amount of feed per farm unit and time are presented in Table 
36, considering 80% of the total amount of feed required per month and 
on the assumption that the overall total ration (14.5% in protein) 
consisted of 80% corn (8.5% in crude protein) and of 20% supplement 
(40% in crude protein). 
Maximum amount of feed per farm unit per day and per four days are 
presented in Table 37, on the assumption that there are 2000 lbs/ton 
of corn of supplement and 35.7 bu/ton for corn and 45.5 bu/ton for 
supplement. 
The storage facilities, following the above information for the 
commercial and industrial farms, respectively to be filled every d days 
are as presented below: 
d d 
Bin 1660 bu. 1 for Grain 11.35 2 for Supplement 6.04 




1 = Storage bins for G = grain 
2 = Processing ' ® = supplement 
3 = Distribution of hogs 
4 = Vertical Elevation 
5 = Distribution Control 
Figure 2. Flow chart of a processing unit 
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Bin 8 ton 1 for Supplement 7.75 
Table 35. Maximum amount of feed required monthly 
no. Age Average Daily Body Feed Average Daily lbs. of 
days Gain lbs. Weight Per Gain • Feed Intake feed 
lbs. lbs. [max. 
amount] 
per head 
1 30 .50 20 2.00 1.0 30.0 
2 60 1.00 45 2.75 2.5 75.0 
3 90 1.375 80 3.25 4.5 135.0 
4 120 1.75 120 3.50 6.0 180.0 
5 150 2.00 180 3.60 7.5 228.0 
6 180 2.15 240 4.25 9.0 270.0 
7 210 2.175 305 5.5 12.0 360.0 
8 240 2.20 370 7.0 15.0 465.0 
Storage costs for commercial and industrial farms, respectively. 
Initial cost 8. ton Bin 460 
Other Bins 4906 19710 
Annual Cost 981.9 3606.9 






storage initial costs were projections at the year of interest, of the 
following expenses in 1954 prices; 
Foundation and floor 395 680 
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Table 36. Maximum amount of feed per head per month and day 
Age 100 animals maximum # animals each month 
month amount of feed per of the year 
head (6 f/yT (4 f/y)3 (12 f/y) (6 f/y) 
Com (lbs) Commercial Industrial 
1 2400 500 3300 
2 6000 500 3300 7920 
3 10800 500 751 3300 
4 14400 500 3300 7920 
5 18240 500 3300 




1 600 500 3300 
2 1500 500 3300 7920 
3 2700 500 751 3300 
4 3600 500 3300 7920 
5 4560 500 3300 
6 5400 500 751 3300 7920 
7 7200 
8 9300 
Hogs per year 3000 3004 39600 47520 
Total per month 3000 hogs 3004 39600 47520 
Com" 157,200 210,000 243,324 2,423,520 3 ,326,400 
Supplement^  39,300 52,500 60,831 605,880 831,600 
Total per day 
Com; lbs 5,240 7,000 8,110 80,784 110,880 
Supplement; lbs 1,310 1,750 2,027 20,196 27,720 
^Commercial (4 farrowing); 4 x 751 = 3,004 hogs. 
Industrial (6 farrowing); 6 x 7920 = 47,500 hogs. 
Assumption; 14.5% overall total ration 80% corn (85% crude protein), 
20% supplement (40% crude protein) 8.5). 
























































































Breeding stock 100 























Installation 400 550 
Bin (1660 bu. - 4400 bu.) 685 1270 
Aeration equipment 200 200 
Drying equipment 450 630 
Total 2130 3330 
Bin 8 ton 315 
Feed processing equipment for commercial and industrial farms and 
costs were as follows ; 
Initial Cost Annual Cost 
Machinery 5790 15327 1059.57 2804.84 
Building 388 1552 41.90 167.62 
With annual costs computed at 18.3% of initial cost of machinery and 
at 10.8% of initial cost of buildings as follows; 
Machinery Buildings 
Depreciation 10% 5% 
Interest 4% 3% 
Repairs 3% 1.5% 
Taxes 1% 1% 
Insurance 0.3% 0.3% 
The description of the parts considered are as follows at 1954 
prices, projections of which are the above reported. 
Mill and pre-mix hopper (3HP) motor at 1520 
Building 10' x 12' (4 in industrial unit) 315 
Augers 25', 3/4 HP motor at 200 675 
15' 1/2 HP motor 175 
10' 1/2 HP motor 100 
30' 3/4 HP motor 200 
Installation 400 
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Total price is $2910. 
Total storage and processing costs on the assumption that the 
required labor is 30'/week at $2/H. are presented in Table 33. 
The final total cost per ton of feed processed on the farm that 
justifies ownership of the described equipment (on the assumption that 
the electricity required to operate the 3 HP mill and augers is 0.12$/ 
ton of feed and considering as feed the feed computed from the Table 37 
the maximum that could be needed to be processed) is as follows; 
Commercial Industrial 
Feed yearly 1871.7 21,857.295 
Cost $/ton 1.29 0.45 
where 
Cost = cost for storage, processing and electricity. 
Note; the total cost of commercial grinding including labor and 
transportation to mill company is $2-7/ton from the farm [10,11,55]. 
Table 38. Storage and processing costs 
1975 1975 1980 1980 
Storage 882.6 3261 981.9 3606.9 
Process 795.7 2701.6 1101.5 2972.5 
Labor 52 52 52 52 
1,730.3 6,014.6 2,135.4 6.'631.4 
6.5. Planning the Swine Enterprise; Costs 
In Tables 39-47 are presented the per phase of production descrip­
tion of facilities and their initial cost for all farm types. 
In Tables 43-48 are presented the building and equipment total 
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initial costs and the corresponding annual costs for all farm types. 
Table 50 presents total and annual costs per litter and per 100 lbs. 
of hogs produced on the assumption that 
1. the industrial farm has bought the equipment 
facilities at 10% reduction from their selling price. 
2. the commercial farm has bought the equipment 
facilities at 5% reduction from their selling price. 
Costs not included in the building and equipment facilities are 
the following: 
Depreciation on breeding stock 
Interest on livestock 
Taxes on livestock 
Interest on land 





The steps for estimating these extra costs are presented below; 
1. Investment on livestock, breeding stock and pigs 
was calculated first considering the number of animals 
per phase at the beginning of the year and valued 
them at a price per animal or lb. 
$.14/Ib. for sows and boars 
$ .16/lb. for gilts 
$10 each for pigs nursing sows 
$15 each for pigs 40 lbs. 
$.1360/lb. for pigs growing 140 lbs. 
$.18/lb for pigs finishing 225 lbs. 
$.18/lb for replacement pigs 
Depreciation was calculated at 0.25 of the investment on breeding 
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stock. 
Interest on all livestock was calculated at 6% on the total 
investment. 
Taxes were calculated at 0,045 on all investment. 
Death loss was calculated at 33(? per hog marketed for hogs and at 
2% of the breeding stock investment. 




and assuming the following per animal wastes 
Sows 4 gallons daily 
Boars 4 gallons daily 
Pigs 40 lbs. 0.5 gallons daily 
140 lbs. 1.7 gallons daily 
210 lbs. 2.2 gallons daily 
Sows and litter 0.55 
Replacement 3 
with 67% recovery rate (on all nutriments) and 40% on N effectiveness 
valued at 
8.7ç/lb. of N 
9,2C/Ib. of P^O^ 
5.Of/lb. of K2O 




$0.13 All manure nutrients 
Land was calculated, taking into account the area of buildings and 
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the lagoon and the in between the buildings area (0.2-2.5 acres between 
group of buildings). 
Industrial 29.00 acres 
Commercial 4.30 acres 
Average 0.70 acres 
Value of land and taxes on land were estimated from projections at the 
state level, and are presented in Table 51. 
Fencing expenses were calculated at $25/330' and the corresponding 





Feed expenses for buying feed and processing are presented in 
Tables 52-53 that follow. 
Other investments made were isolation center for dead animal 
disposal at $2000 and office and lab building at $2000. 
Operating capital (cash expenses) was calculated on the following: 
feed, labor, repairs, insurance taxes, and also for 
Marketing 1.00 per marketed hog 
Veterinary 1.25 per marketed hog 
Pick-up use 1.85 per marketed hog 
Utilities and fees 0.37/cwt marketed hog 
electricity 
and for interest on all operating capital. 
In Table 52 is presented the feed expenses per litter, state 
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and the pounds of feed per litter, state. In Table 53 is presented 
the feed and feed processing expenses per litter and state. In 
Table 54 is presented the interest on all operating capital except 
electricity and taxes on livestock. 
Feed expenses were calculated at the target 1980 prices adjusted 
to states.' 
Labor expenses were calculated at the projected wage rates by states 
and are presented in Table 55 assuming labor requirements as follows: 
Industrial 9.06 H/L [22,35,57] 
Commercial 22.59 $/L 
Average 9.06 H/L 
where for the commercial case, 1.5 employees yearly at $6000 were needed 
for the 400 litters. 
Electricity expenses, considering 60°F as an excellent inside 
temperature, are tabulated by state and on a per litter and per 100 lbs. 
hog basis in Tables 56-57. Average monthly temperatures by states are 
presented by states in Table 58. 
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Table 39. Facilities per phase of production and their initial cost 
for all farms; farrowing facilities 
Item Size and Description Units Invest- Total 
per ment/ invest-
bnit Unit $ ment $ 
Industrial Farm 
Building(s) 24' x 88* slatted floor 1 (32) 11721 375 ,072 
Stalls 5' X 7' stalls 32 (32) 77 78 ,848 
Bulk feed 
holding bin 3 ton hoppered bin 2 (32) 460 29 ,440 
Feeders; sow-self-feeder individual SF ' 32 (32) 5 5 ,120 
baby-pig-creep-
feeders 32 (32) 2 2 ,048 
Waterers (Pressure freeze-proof system) 1 (32) 50 1 ,600 
Ventilating Equipment (fan and controls 
50/s) 1600 (32) 0.1 5 ,120 
Feeding floor (4" concrete 20 sq.ft/s) 640 (32) 0.5 10 ,240 
Commercial Farm 
Building 24' x 68 slatted floor 1 (4) 9057 36 ,228 
Stalls 5' X 7' stalls 24 (4) 77 7 ,392 
Bulk feed holding bin 3-ton hoppered 
bin 2 (4) 460 3 ,680 
Feeders: sow-self-feeder Individual SF 24 (4) 5 480 
baby-pig-creep-feeders 24 (4) 2 192 
Waterers (pressure freeze-proof system) 1 (4) 50 200 
Ventilating Equipment (fan and 
controls 50/s) 1200 (4) 0.1 480 
Feeding floor (4" concrete 20 sq.ft/s) 480 (4) 0.5 960 
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Table 39. Continued 





Unit $ ment $ 
Building 
Average Farm 
24' 72' slatted floor 1 
Stalls 5' X 7' stalls 24 
Bulk feed holding bin. 3-ton 2 
Feeders (Sow self-feeder) 24 
(Baby-pig-creep feeders) 24 
Waters (Pressure freeze-proof system) 1 
Ventilating equipment (fan and 
controls 50/s) 2400 


















Table 40. Gestating unit 




45' X 50' P. slatted pens 10 (24) 9570.33 229688 12487 
2. Bulk feed 
holding bin 6-ton Hoppered bin 1 (24) 
3, Feeding 
system Automatic (drops) 
4, Waterers Single Cup 
5, Ventilation Fans and controls 










0.1 12000 500 
Commercial Farm 
1. Building 45' x 50' P. slatted pens 10 (2) 12487 
Hoppered bin 1 (2) 
2. Bulk feed 






5. Ventilation Fans and control 
equipment (40/s 4000 cfm) 
10 (2) 
10 (2) 











2. Bulk feed 









5. Ventilation Fans and control 

















Table 41, Nursing facilities 
Item Size Description Units Investment 
per unit per unit 
Total 
Industrial Farm (Nursing Facilities) 
1. Building 






96'x33' slatted pens 
3-ton hoppered bin 
Automatic system with 
feeders 
Single cup indoor 
Fans and control 

















Commercial Farm (Nursing and Growing Facilities) 
1. Building 






96'x33' slatted pens 
3-ton hoppered bin 
Automatic system with 
feeders 
Single cup indoor 
Fans and control 


















Table 42. Growing facilities 
Item Size Description Units Investment Total 
per unit per unit 
Industrial Farm 
1. Building 136'x30* P. slatted pens 34 (10) 
1 (10) 
2. Bulk feed 




Automatic system (drops) 34 (10) 
Single cup 34 (10) 
5, Ventilation Fans and control 












Table 43. Finishing facilities 
Item Size Description Units Investment Total 
per unit per unit 
Industrial Farm 
1. Building 







204'x30' P. slatted 
6-ton hoppered bin 
Automatic 
Single cup 
Fans and control 





























Fans and control 





























Fans and control 
















Table 44. Non-breeding stock (sows and replacement) 
Item Size Description Units Investment Total 
per unit 
Industrial Farm 
1. Building 180' X 45' P. slatted pens 72 
CM 
44955 89910 
2. Bulk feed 
holding bin 6-ton Hoppered bin 1 (2) 738 1476 
3. Feeding 
system Automatic (drops) 72 (2) 79 11376 
4. Waterers Single Cup 72 (2) 8 1152 
5. Ventilation Fans and controls 
equipment (35/animal 37800 cfm) 72 (2) 0. ,1 7560 
1' Building 50' X 45' 10 (1) 12487 12487 
2' Bulk feed 
holding bin 6-ton 1 (1) 738 738 
3' Feeding 
system Automatic 10 (1) 79 790 
4' Waterers Single Cup 10 (1) 8 80 
5' Ventilation Fans and control 
equipment (35/animal 3500 cfm) (1) 0. 1 350 
Commercial Farm 
1. Building 70' X 45' P. slatted 14 (1) 17482 17482 
2. Bulk feed 
holding bin 6-ton Hoppered bin 1 (1) 738 738 
3. Feeding 
system Automatic (drops) 14 (1) 79 1106 
4. waterers Single Cup 14 (1) 8 112 
5. Ventilation Fans and controls 
equipment (35/animal 4620 cfm) (1) 0. 1 462 
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Table 45. Manure handling 
Item Size Description Units Investment Total 
per unit 








gallons Wagon 1 
X 470' 1 










1.68 acres(250x292)x5' 1 2$/lOO sqft 1464 
Vacuum 1 200 200 
1000 gallons Wagon 1 1000 1000 







0.23 acres(100xl00)x5 1 2$/100 sqft 200 
Vacuum 1 200 200 
1000 gallons Wagon 1 1000 1000 
110' X 110' 1 0.75/LF 330 
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Table 46. Feed handling facilities 





Storage 4400 - bushel bins for corn 
8 - ton bin for supplement 
Building 10 x 12' 
Augers [additional transfer augers 
to mill] 
[20' 4" with 3/4 HP] 






Auger feed to 
buildings [20' 4" with 3/4 HP] 
4 groups of 22 buildings: 
4[(440+50) + 22(20) + 40 +20] 3780 
































Storage with augers 1660 - bu. bin 
for corn 
with augers 8 - ton bin for 
supplement 
10 X 12' 
Additional augers in mill 
[20' 4" with 3/4 HP] 
Mill and Pre-mix hopper (5 HP) 
Auger feed to buildings 
[20' 4" with 3/4 HP] 
















Table A6. Continued 
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Item Size and Description Units Invest- Total 
ment/ 
Unit 
Unloading wagons 1 1111 1111 





gravity spouting (20 ft.) 
Average Farm 
Storage with augers 1660 - bu bin 1 2453 2453 
with augers 8 - ton bin 1 460 460 
Building 10' x 12' 1 388 388 
Augers (additional transfer augers to mill) 2 238 476 
Mill & Pre-mix hopper (2 HP) 1 2219 2219 
Auger feed to buildings (80+50+3(20) = 190) 1 290 290 
Unloading wagons 1 1111 1111 





gravity spouting (20 ft.) 
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Table 47. Other facilities 
Item Size Description Units Investment Total 
per unit 
Industrial Farm 
1. Pick-up truck 
and 18 ft trailer 1 650 650 
2. Scale 1 284 284 
3. Cleaning equipment 1 475 475 
4. Heating facilities 88 . 475 41800 
5. Water system 1 
Commercial Farm 
2000 2000 
1. Pick-up truck 
and 18 ft trailer 1 650 650 
2. Scale 1 284 284 
3. Cleaning equipment 1 475 475 
4. Heating facilities 10 475 4750 
5. Water system 1 
Average Farm 
2000 2000 
1. Pick-up truck 
and 18 ft trailer 1/5 130 130 
2. Scale 1 284 284 
3. Cleaning equipment 1 4 75 475 
4. Heating facilities 3 475 1495 
5. Water system 1/5 2000 400 
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Table 48. Buildings; total and annual costs for all type of farms 
Phase Total Annual 
Cost 
Farrowing house 375072 
Industrial Farm 
Feeding floor 10240 
Nursing house 175820 Depreciation 5% 73504 
Growing 226440 Interest 3% 44102 
Finishing 339660 Repairs 1.5% 22051 
Gestation house 229688 Taxes 1.0% 14700 
Boar house 12487 Insurance 0.3% 4410 
Non-Breeding 





Farrowing house 36228 
Feeding floor 960 
Nursing house 17582 Depreciation 5% 6552 
Finishing 31968 Interest 3% 3931 
Gestation house 24974 Repairs 1.5% 1965 
Non-Breeding Taxes 1.0% 1310 
stock house 17482 
Insurance 0.3% 393 
Lagoon 1464 
Total 10.8% 14152 
Processing 388 
131,046 
Farrowing house 9592 
Average Farm 
Finishing 11721 
Gestation house 7499 Depreciation 5% 1469 
Lagoon 200 Interest 3% 881 
Processing 388 Repairs 1.5% 440 
29,393 Taxes 1.0% 293 
Insurance 0.3% 88 
Total 10.8% 3174 
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Table 49. Equipment total and annual costs for all type of farms 
Phase Total Annual Cost 
Industrial Farm . 
Farrowing house 132416 
Nursing house 23900 Depreciation at 10% 43270 
Growing house 49710 Interest at 3% 12981 
Finishing house 53960 Repairs at 3% 12981 
Gestation house 50592 Taxes at 1% 4327 
Non-breeding Insurance at 0.03% 129 
stock house 23522 





Farrowing house 13384 
Nursing-growing houses 2350 Depreciation at 10% 4775 
Finishing house 5860 Interest at 3% 1431 
Gestation house 4016 Repairs at 3% 1431 
Non-breeding Taxes at 1% 477 
stock house . 2418 
Insurance at 0.03% 14 
Manure 2320 





Finishing house 1834 Depreciation at 10% 2030 
Gestation house 1496 Interest at 3% 609 
Manure 1530 Repairs at 3% 609 
Processing 8286 Taxes at 1% 203 
Other 2714 Insurance at 0.03% 6 
20306 
Total at 17.3% 3512 
119 
Table 50. Cost of facilities per litter and per 100 lbs of hogs-produced 
for all type of farms(Industrial. Commercial and Average) 
Reduction in 
total cost by 
Total 100 lb Annual 
total 
100 lb 







226141 37.6 1.98 




176,412 441 24.5 
14152 
7847 
21999 54.9 3.06 




49,699 517 30.8 
3174 
3512 
6686 69.6 4.14 
120 
Table 51. Land value per acre and taxes per $100 full real estate 
State $/Acre Taxes per $100 full 
real estate 
1980 1980 
Maine 179 2.62 
New Hampshire 62 2.48 
Vermont 293 2.18 
Massachusetts 616 2.83 
Rhode Island 833 1.99 
Connecticut 1190 1.52 
New York 301 2.92 
New Jersey 1563 2.33 
Pennsylvania 441 
Ohio 549 0.55 
Indiana 816 0.71 
Illinois 386 2.17 
Michigan 274 2.49 
Wisconsin 233 1.77 
Minnesota 459 1.10 
Iowa 420 1.53 
Missouri 526 1.80 
North Dakota 458 1.62 
South Dakota 291 0.89 
N ebraska 118 0.91 
Kansas 97 1.25 
Delaware 202 1.60 
Maryland 169 1.45 
Virginia 351 0.79 
West Virginia 132 0.50 
North Carolina 404 0.54 
South Carolina 290 0.49 
Georgia 314 0.54 
Florida 346 0.45 
Kentucky 337 0.43 
Tennessee 495 1.43 
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Table 51. (Continued) 
State $/Acre Taxes per $100 full 
real estate 
1980 1980 
Alabama 237 0.10 
Mississippi 275 0.05 
Arkansas 332 0.43 
Louisiana 393 0.15 
Oklahoma 238 0.40 
Texas 217 0.60 
Montana 77 1.44 
Idaho 221 1.03 
Wyoming 58 
Colorado 121 1.13 
New Mexico 49 
Arizona 87 2.53 
Utah 108 0.78 
N evada 74 0.89 
Washington 255 1.69 
Oregon 181 2.13 
California 452 2.65 
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Table 52, Average farm; lbs of feed and value of feed per litter in $ 

































Lbs of feed 





West Virginia 138.19 
North Carolina 141.58 

















Lbs of feed 

























Table 52. (Continued) 


































































Table 53, Average; value of feed, feed processing and interest per litter 
Feed and Feed 






























































Value of feed and 
feed processing 180.09 
Interest of feed 
and feed processing 5.40 
Industrial 
Value of feed and 
feed processing 179.83 
Interest of feed 




























Table 53. (Continued) 
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Feed and Feed 
Processing Interest 
Arkansas 156.15 4.68 
Louisiana 140.88 4.23 
Oklahoma 155.67 4.67 
Texas 101.88 3.06 
Nebraska 139.43 4,18 
Kansas 146.10 4.38 
North Dakota 161.79 4.85 
South Dakota 131.90 3,96 
Montana 134.90 4.05 
Idaho 161.69 4.85 
Wyoming 144.32 4.33 
Colorado 114.78 3.44 
New Mexico 124.56 3.74 
Arizona 155.78 4.67 
Utah 136.31 4.09 
Nevada 169.98 5.10 
Washington 192.73 5,78 
Oregon 138.61 4.16 
California 132.94 3,99 
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Table 54. Interest on all operating capital except electricity and taxes 
for livestock 
State 
Maine 7.22 7.37 5.58 
New Hampshire 7.26 7.40 5.84 
Vermont 7.24 7.39 7.60 
Massachusetts 7.39 7.53 5.67 
Rhode Island 7.32 7.46 6.14 
Connecticut 7.38 7.51 6.05 
New York 7.26 7.41 5.74 
New Jersey 7.24 7.39 5.74 
Pennsylvania 7.25 7.39 4.97 
Ohio 7.31 7.45 6.53 
Indiana 7.38 7.52 6.70 
Illinois 7.32 7.46 6.02 
Michigan 7.38 7.51 6.42 
Wisconsin 7.29 7.43 6.44 
Minnesota 7.37 7.50 7.45 
Iowa 7.23 7.38 5.31 
Missouri 7.34 7.48 6.65 
North Dakota 7.29 7.43 5.28 
South Dakota 7.40 7.54 6.41 
Nebraska 7.39 7.52 5.92 
Kansas 7.33 7.47 7.24 
Delaware 7.25 7.40 5.48 
Maryland 7.30 7.44 6.36 
Virginia 7,29 7.43 7,46 
West Virginia 7.32 7.46 6.49 
North Carolina 7.27 7.41 6.68 
South Carolina 7.41 7.54 7,43 
Georgia 7.40 7.54 5.12 
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Colorado 7.25 7.40 5.57 
New Mexico 7.26 7,40 5.88 
Arizona 7.42 7.55 6.97 
Utah 7.23 7.37 6.20 
Nevada 7.42 7.55 7.40 
Washington 7.15 7.30 7.81 
Oregon 7.36 7.50 6.40 
California 7.28 7.43 6.15 
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Table 55. Wage rates (hired labor) 

































East N. Central 
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Table 55. (Continued) 
Region wage rates State State hired labor wage rates 
1975 1980 
Florida 1.81 2.21 
Kentucky- 2.13 2.67 
Tennessee 1.70 2.13 
Alabama 1.67 2.12 
Mississippi 1.74 2.25 
Arkansas 1.78 2.20 
Louisiana 1.73 2.17 
Oklahoma 1.86 2.22 







































Table 56, Electricity for feed processing in $ per litter. 
State Average Industrial Commercial 
Alabama 0.20 1.96 0.53 
Arizona 1.68 5.88 1.50 
Arkansas 1.17 4.60 1.20 
California 0.97 4.28 1.12 
Colorado 6.96 18.69 4.45 
Delaware 3.44 10.09 2.42 
Florida 0.00 0.14 0.02 
Georgia 0.35 2.43 0.66 
Idaho 7.10 19.27 4.59 
Illinois 4.53 12.52 2.93 
Indiana 4.12 11.72 2.78 
Iowa 6.03 16.06 3.86 
Kansas 3.75 10.57 2.51 
Kentucky 2.67 8.06 1.94 
Louisiana 0.00 1.03 0.25 
Maryland 3.44 10.09 2.42 
Michigan 6.28 16.85 3.98 
Minnesota 8.56 21.86 5.91 
Mississippi 0.50 2.80 0.75 
Missouri 3.49 10.29 2.49 
Montana 7.11 19.17 4.62 
Nebraska 5.41 14.67 3.45 
Nevada 4.01 11.62 2.78 
Connecticut 4.99 13.84 3.28 
Maine 6.33 17.20 4.08 
Massachusetts 4.47 12.70 3.01 
New Hampshire 6.64 17.69 4.27 
Rhode Island 4.42 12.52 2.96 
Vermont 6.80 17.98 4.38 
New Jersey 3.55 10.39 2.49 
New Mexico 4.11 12.01 2.89 
New York 6.85 18.15 4.42 
North Carolina 1.12 4.55 1.20 
North Dakota 9.91 25.10 7.12 
Ohio 4.12 11.72 2.78 
Oklahoma 1.78 5.98 1.52 
Oregon 6.64 18.58 4.43 
Pennsylvania 4.52 12.71 3.03 
South Carolina 0.50 2.75 0.73 
South Dakota 6.91 18.19 4.54 
Tennessee 1.78 5.95 1.52 
Texas 0.20 1.83 0.48 
Utah 5.14 14.41 3.43 
Virginia 2.25 7.13 1.75 
Washington 6.02 16.64 3.90 
West Virginia 4.32 12.41 2.98 
Wisconsin 7.63 19.83 5.06 
Wyoming 6.90 18.57 4.37 
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Table 57. Electricity for feed processing in $ per 100 lbs. 
State Average Industrial Commercial 
Alabama 0.01 0.10 0.03 
Arizona 0.09 0.31 0.08 
Arkansas 0.07 0.24 0.07 
California 0.06 0.23 0.06 
Colorado 0.39 0.99 0.25 
Delaware 0.24 0,53 0.13 
Florida 0.00 0.01 0.00 
Georgia 0.02 0.13 0.04 
Idaho 0.50 1.02 0.26 
Illinois 0.26 0.66 0.16 
Indiana 0.23 0.62 0.15 
Iowa 0.33 0.85 0.21 
Kansas 0.21 0.56 0.14 
Kentucky 0.14 0.43 0.11 
Louisiana 0.00 0.05 0.01 
Maryland 0.25 0.53 0.13 
Michigan 0.38 0.89 0.22 
Minnesota 0.54 1.16 0.33 
Mississippi 0.03 0.15 0.04 
Missouri 0.21 0.54 0.14 
Montana 0.38 1.01 0.26 
Nebraska 0.35 0.78 0.19 
Nevada 0.24 0.61 0.15 
Connecticut 0.28 0.73 0.18 
Maine 0.33 0.91 0.23 
Massachusetts 0.27 0.67 0.17 
New Hampshire 0.35 0.94 0.24 
Rhode Island 0.42 0.66 0.16 
Vermont 0.41 0.95 0.24 
New Jersey 0.20 0.55 0.14 
New Mexico 0.25 0.64 0.16 
New York 0.36 0.96 0.25 
North Carolina 0.07 0.24 0.07 
North Dakota 0.57 1.33 0.40 
Ohio 0.22 0.62 0.15 
Oklahoma 0.10 0.32 0.08 
Oregon 0.45 0.98 0.25 
Pennsylvania 0.29 0.67 0.17 
South Carolina 0.03 0.15 0.04 
South Dakota 0.48 0.96 0.25 
Tennessee 0.11 0.31 0.08 
Texas 0.01 0.10 0.03 
Utah 0.30 0.76 0.19 
Virginia 0.14 0.38 0.10 
Washington 0.34 0.88 0.22 
West Virginia 0.22 0.66 0.17 
Wisconsin 0.48 1.05 0.28 
Wyoming 0.42 0.98 0.24 
Table 58. Monthly average temperatures by states [52] 
State January February' March April . May June July 
Alabama 49 51 57 65 73 79 81 
Arizona 40 43 48 55 63 72 78 
Arkansas 42 45 52 62 69 77 81 
California 43 46 51 57 63 70 77 
Colorado 21 25 32 42 51 60 66 
Delaware 33 34 14 52 63 71 75 
Florida 60 62 65 70 76 80 81 
Georgia 48 50 55 64 72 79 80 
Idaho 21 25 31 41 50 56 64 
Illinois 27 30 39 52 62 72 76 
Indiana 30 32 40 51 62 72 76 
Iowa 20 24 34 49 60 70 75 
Kansas 30 34 42 54 64 75 81 
Kentucky 36 38 45 56 65 74 77 
Louisiana 52 54 59 67 74 80 82 
Maryland 33 34 41 52 63 71 75 
Michigan 23 23 31 45 56 66 71 
Minnesota 11 14 27 44 57 66 72 
Mississippi 47 49 55 63 71 78 80 
Missouri 32 35 43 55 65 74 79 
Montana 20 23 30 42 51 58 67 
Nebraska 24 27 36 49 60 70 77 
Nevada 30 35 41 49 57 66 74 
Connecticut 27 28 36 47 58 66 71 
Maine 23 24 31 42 52 60 66 
Massachusetts 30 30 36 46 56 65 71 
New Hampshire 21 22 31 43 55 64 69 
Rhode Island 30 30 37 46 56 65 71 
Vermont 20 21 30 44 56 65 69 
New Jersey 33 33 40 51 62 70 75 
New Mexico 31 35 40 48 56 65 68 
New York 20 21 30 43 55 65 69 
North Carolina 43 45 51 61 69 77 79 
North Dakota 6 10 23 41 54 63 70 
Ohio 30 32 39 51 61 71 74 
Oklahoma 38 42 50 60 68 78 82 
Oregon 25 29 33 39 46 52 60 
Pennsylvania 29 30 38 49 60 69 73 
South Carolina 47 49 55 64 72 79 80 
South Dakota 17 21 31 46 58 68 76 
Tennessee 40 42 49 59 67 76 78 
Texas 48 52 58 66 73 80 83 
Utah 26 30 38 46 54 63 70 
Virginia 39 40 46 56 66 73 76 
Washington 24 29 35 44 52 57 64 
West Virginia 31 32 38 49 58 65 69 
Wisconsin 16 18 28 44 56 66 70 

















































jteraber October November December 
76 66 55 49 
71 60 49 42 
74 63 51 43 
70 61 51 45 
57 46 32 24 
67 56 45 35 
80 74 66 61 
75 65 54 48 
54 45 32 25 
67 56 41 30 
67 • 55 41 32 
64 53 37 25. 
71 59 43 33 
70 58 46 38 
77 68 58 53 
67 56 45 35 
61 50 37 26 
60 48 30 17 
75 65 53 47 
70 59 44 35 
55 46 32 26 
65 53 37 28 
64 53 40 33 
62 52 41 30 
58 49 39 26 
63 53 44 33 
59 49 37 25 
63 54 44 33 
60 49 37 24 
67 56 45 35 
61 51 39 33 
60 49 37 24 
72 62 51 43 
57 45 26 14 
66 55 42 32 
74 63 49 41 
52 44 34 29 
64 53 41 31 
75 64 54 47 
63 51 34 23 
71 60 48 41 
77 68 56 50 
61 50 37 30 
69 58 47 39 
56 46 34 28 
62 51 40 32 
60 49 33 21 
57 46 32 26 
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7. LINEAR PROGRAMMING ANALYSIS 
The consuming and producing regions, all possible transhipment 
movements between regions, any assumptions made, as well as the notation 
used to describe rows and columns in the linear programming first tableau, 
and certain data are all described next and presented in the following 
sections (7.1-7.9) in such a way to clarify the thinking and understanding 
of the mechanism in solving the problems and solutions [4,32,54]. 
7.1. The Regions 
The 39 regions used in this work, presented in Table 1, were 
chosen among the 48 states after careful study based on relevant 
information, as 
a. population 
b. hog production 
c. feed production 
d. rail road territories 
7.2. The Leading States in Hog Production 
The ten leading states in hog production presented in Table 59 were 
treated in certain computer runs as a group with the following assumptions. 
Run alternative P assumption; The level of 
hog produced in the 29 
regions will be at the most 
60% of the 1970 level. 
Run alternative X assumption; The level of 
hogs produced in the 10 
leading regions will be at 
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least 60% of the U.S. level 
in 1970. 
7.3. The Transhipment Model 
Transportation freight rates were computed for all possible move­
ments among the regions and presented in the transportation section of this 
•work but for minimizing the computer cost, the transportation model was 
substituted by a transhipment model which allows movements only along 
neighboring regions, and these movements are described in Table 59. 
7.4. The Notation System for the Computer Program 
The notation used for describing the rows and columns of the first 
tableau and any required explanations are given next. 
7.4.1. Rows 
7.4.1.1. Rows; 1 
E EY 
E EY 1 
E RY 
E RY 1 
L AFQY 
E AFQY 1 
E AFQY 2 
The rows presented previously are E (equality) and L (lower than) type. 
for E Energy 
R Protein 
in the Y Region 
for the I Type Farms 
0 Average Farm 
with entries for 
136 
Table 59. The regions, the ten leading states in hog production (a) and 
the possible transhipment movements between regions (b) 
Region 








2 New,York 1,3,4 





5 Ohio OHIO 3,9,7,8,6 
6 Michigan 5,7 
7 Indiana INDIANA 5,8,12,13,6 
8 Kentucky 5,7,12,22,14,10,9 
9 West Virginia 10,8,5,3,4 
10 Virginia 11,14,8,9,4 
11 North Carolina 15,16,14,10 
12 Illinois ILLINOIS 8,22,23,13,7 
13 Wisconsin WISCONSIN 12,23,24 
14 Tennessee 11,16,17,19,21,22,8,10 
15 South Carolina 11,16 
16 Georgia 18,17,14,11,15 
17 Alabama 18,19,14,16 
18 Florida 16,17 
19 Mississippi 17,14,21,20 
20 Louisiana 19,21,30 
21 Arkansas 19,20,30,29,33,14 
22 Missouri MISSOURI 21,29,28,27,23,12,8,12 
23 Iowa IOWA 22,27,26,13,12 
24 Minnesota MINNESOTA 25,26,23,13 
25 North Dakota 24,26,34 
26 South Dakota SOUTH DAKOTA 24,25,34,33,27,23 
27 Nebraska NEBRASKA 23,26,33,32,28,22 
28 Kansas KANSAS 27,32,29,22 
29 Oklahoma 28,32,21,30,21,22 
30 Texas 20,21,29,21 
31 New Mexico 30,29,32,26,39 
32 Colorado 29,31,39,36,33,27,28 
33 Wyoming 34,36,32,27,26 
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Table 59. (Continued) 
Region 
Code State (a) (b) 
34 Idaho 25,26,33,37,36 
Montana 
35 Oregon 34,37,38 
Washington 
36 Utah 39,37,34,33,32,31 
37 Nevada 39,38,35,34,26 
38 California 39,37,35 
39 Arizona 38,37,36,32,31 
B column 0.0 
rest columns S (where S are the requirements per 100 lbs. 
liveweight hogs produced) 
for AF available feed Q (1,...,6) 






in the Y region and 
1 for transferred P feed (Q) 
2 for transferred R feed (Q) 
P: at the regional cost feed. 
R: at the 15% reduced cost feed bought by 0 and 1 type farms, respec­
tively, with entries 1.0 for relevant columns and for the B column. 






R A I L R O A D  R A T E  T E R R I T O R I E S  
Figure 3. Producing and consuming regions 
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AFQY2 0.0 




The rows presented in this section are G(Greater than) and L(Lower than) 
type for 
D Demand levels in 
A Production levels in 
Y any region except (1) 
0 the ten leading states group. 
The B entries are for D least requirements and A minimum or maximum 
restriction possibilities. 
The column entries are 1.0 (100 lbs. liveweight of hogs produced) 
wherever applicable. 
The C row entries are cost entries for 
a. Producing hogs 
b. Buying feed 
c. Transporting feed 
d. Transporting hogs 
7.4.2. Columns 






where p Hog producing activities 




Feed buying activities 
EQYP at the regional cost feed 
FQYR at the reduced price feed 
FQY feed transforming into energy and protein activities 







HYY hog transporting activities by rail. 
HYYT hog transporting activities by truck. 
NFQYY feed transporting activities by rail. 
NFQYYT feed transporting activities by trucks. 
RFQYY feed transporting activities by rail at R. 
RFQYYT feed transporting activities by trucks at R. 
where R corresponds to the farm regional price for feed. 
N corresponds to the reduced price for feed. 
7.4.3. The matrix 
An attempt to present a small picture of the linear programming 
first tableau requires the description of the tableau in matrix 
dimension. The tableau is a 937 x 1547 matrix and a small picture of 
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it is presented in Tables. 76-78 and the number of rows and columns is 
described below. 
Rows: Columns: 
39 EY 3 X 39 PUY 
39 EYl 6 X 39 FQY 
39 RY 6 X 39 FQYP 
39 RYl 6 X 39 FQYR 
6 X 39 AFQY 39 X 39 HYY 
6 X 39 AFQYl 39 X 39 HYYT 
6 X 39 AFQY 39 X 39 NFQYY 
39 DY 39 X 39 NFQYYT 
39 AY 39 X 39 RFQYY 
1 AO 39 X 39 RYQYYT 
NOTE; Columns were reduced to 1547 since the transportation model was 
replaced by a transhipment model. 
7.4.4. Activities 
The tran^ ormation, buying, production and transporting activities 
are presented in Tables 76-79. 
7.5. Production Coefficients and Feed Prices 
The coefficients used are .presented in Tables 60-62. 
7.6 The Problems 
The problems are described next and their solutions are presented 
in the following tables. 
7.6.1. Solutions and model notation 










D = the original demand projections using state projections 
of farm hog prices. 
= the adjusted demand projections resulted after an 
adjustment of projected state farm hog price, 
through the Nationally estimated [ %%%: ] and [ —] 
corn corn 
price ratio projections, was made considering for 
the already projected price of corn a certain per­
centage of fuel cost that was supposed to increase 
in the relevant year by 50%. 
T = the projected transportation freight rates 
= the adjusted projections for the transportation 
freight rates assuming that; 
1. fuel cost is the 4% of the freight rate for 
shipment by railroads and was supposed to increase 
by 50% in the relevant year. 
2. fuel cost is the 37.44% of the freight rate for 
shipment by trucks and was supposed to increase 
by 50% in the relevant years. 
= the adjusted price of feed due to fuel cost increase, 
is almost identical to the real price since the fuel 
percentage of the feed price was close to zero. 
W = the projected wage rates. 
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= a constant wage rate ($2/H) 
P = regional level of hog production, equal or, less 
than the 60% 1970 level. 
= the level of hog production in the ten leading states 
(as a group) equal or more of the 60% U.S. 1970 level. 
Slla Solution 11 for a case 
SI3a Solution 13 for a case 
where 
a stands for a special computer run for the previously 
defined problems in which the farm type 1 (the 
industrial case) was removed and the rest two 
types were left to compete. 
7.7. Shadow Prices 
Shadow prices from the solutions S09, Sll, S13 and S15, (that are 
presented in Table 68) are the dual prices reported for the disposal 
activities corresponding to DY rows, and therefore reflect the farm 
hog prices for these regions, supply prices (MVP, (MVP=Marginal Value 
Products, and represent break-even points)) corresponding to both 
production and transportation cost if included in the objective function. 
Shadow prices from the solution SOI that are presented in Table 69 
are the dual prices reported for the disposal activities corresponding 
to DY and AY rows, and therefore the regionally suggested hog farm 
price is SP^  their weighted average, that is 
SPg = (a)SP^  + (d) SP^  
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where 
SP denotes shadow price 
a denotes the level of hog production in a region 
b denotes the level of hog demanded in that region 
Shadow prices corresponding to AF rows (available feed) in the 
particular region and only those reported for the feed used up to their 
upper limit are presented in the following Table 70. 
7.8. Hog Producing Centers 
The industrialized farm structure has resulted as the most efficient 
farm size almost everywhere in the U.S., with the exception of the 
suggested commercial structure in the states of Illinois, Minnesota and 
Wisconsin justified by the lower cost inputs per hundredweight considered, 
under all alternatives of any kind, as production restriction, fuel 
cost considerations and different wage rates. Excluding the industrial 
farm as a possibility, the farm structure that prevails is the one of 
commercial size. 
The areas of concentration of the hog production are the feed 
producing and leading in hog production states with new appearances in 
the hog production picture from the states of Kentucky, Mississippi 
and North Carolina, and the only suggested decisive factor in the 
production and allocation of the producing centers is the feed cost. 
Table 10 presents the ten leading states in the hog production 
under the considered alternatives. 
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Table 60, Feed requirements (TDN»PROTEIN) per 100 lbs. liveweight hogs 
produced 
Farm Type 3 
Region .E(ENERGY) R(PROTEIN) 
1 272.61 67.13 
2 391.29 55.93 
3 387.24 52.93 
4 231.98 47.20 
5 253.79 51.73 
6 323.12 57.13 
7 345.16 63.13 
8 426.43 51.13 
9 563.61 73.33 
10 320.95 48.13 
11 331.64 49.13 
12 467.76 73.93 
13 294.20 43.93 
14 290.26 42.73 
15 252.10 49.33 
16 191.44 36.73 
17 259.41 42.73 
18 253.06 40.93 
19 268.70 47.53 
20 262.82 43.93 
21 446.99 51.73 
22 381.07 58.93 
23 405.17 66.73 
24 451.56 66.13 
25 421.73 66.73 
26 488.18 75.73 
27 417.83 71.53 
28 373.66 62.53 
29 374. 32 59.53 
30 301.27 56.53 
31 414.81 60.13 
32 342.67 60.13 
33 333.84 53.53 
34 406.00 55.60 
35 373.00 52.70 
36 311.76 49.33 
37 346.60 48.13 
38 299.69 52.33 
39 307.49 57.13 
Farm Type 2 1 
ENERGY 278.80 275.69 
PROTEIN 56.53 58.61 
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Table 61. Production costs in $ per 100 lbs. liveweight hog produced 
Region Farm Type 1 2 3 
1 11.55 10.49 12.07 
2 12.12 10.51 10.94 
3 9.37 10.07 10.94 
4 9.23 10.06 13.56 
5 9.14 10.04 11.67 
6 10.90 10.32 11.42 
7 9.86 10.15 10.50 
8 8.15 9.87 11.62 
9 8.17 9.86 9.64 
10 8.65 9.94 11.82 
11 8.24 9.89 11.49 
12 10.30 10.22 10.45 
13 11.43 10.41 11.94 
14 8.25 9.88 13.08 
15 8.10 9.86 12.00 
16 8.08 9.85 13.35 
17 7.52 9.75 12.60 
18 9.68 10.12 12.41 
19 7.46 9.75 12.17 
20 7.61 9.78 13.51 
21 8.05 9.84 11.39 
22 8.82 9.98 11.23 
23 10.01 10.17 10.69 
24 10.26 10.21 9.98 
25 8.86 9.98 9.95 
26 9.38 10.05 9.97 
27 9.98 10.16 9.98 
28 9.72 10.12 10.19 
29 8.04 9.84 10.90 
30 8.33 9.90 11.18 
31 7.97 9.83 11.47 
32 9.22 10.03 • 10.52 
33 8.65 9.94 11.38 
34 9.46 10.07 10.80 
35 10.55 10.26 10.28 
36 8.62 9.93 12.25 
37 8.82 9.97 11.55 
38 11.68 10.45 12.26 









































Projected feed prices in $ per bushel in each region in 1980 
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Table 63. Hog producing centers (Leading states) Solution 01 
Rank Region Production level 




1 23 45,494,474 1 Iowa 
2 5 28,968,282 1 Ohio 
3 22 28,221,591 1 Missouri 
4 12 19,599,693 2 Illinois 
5 24 18,029,066 2 Minnesota 
6 27 8,250,235 1 Nebraska 
7 13 6,675,653 2 Wisconsin 
8 11 3,416,913 1 North Carolina 
9 16 3,216,881 1 Georgia 
10 8 2,864,619 1 Kentucky 
Results from S03, S05, S07 were almost identical. 
Table 64. Hog producing centers (leading states) Solution 13 
Rank Region Production level 




1 23 45,494,474 1 Iowa 
2 8 37,123,538 1 Kentucky 
3 22 28,146,817 1 Missouri 
4 24 18,414,602 2 Minnesota 
5 12 12,129,050 2 Illinois 
6 5 10,580,991 1 Minnesota 
7 27 7,582,356 1 Nebraska 
8 13 6,675,653 2 Wisconsin 
9 19 2,067,150 1 Mississippi 
10 11 2,047,049 1 North Carolina 
Results from S09, Sll, S15 were almost identical. 
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Table 65. Hog producing centers (leading states) Solution 13a 
Rank Region Production level Farm States 
1 in 100 lbs. type 
1 23 60,596,999 2 Iowa 
2 12 59,709,548 2 Illinois 
3 24 18,489,711 2 Minnesota 
4 27 12,906,745 2 Nebraska 
5 5 10,171,957 2 Ohio 
6 13 6,675,653 2 Wisconsin 
7 7 2,423,076 2 Indiana 
8 11 2,261,111 2 North Carolina 
9 35 1,948,413 2 0 re gon-Wa shi ngton 
10 21 1,139,494 2 Arkansas 
Results from Slla were almost identical. 
7.9. Tables of Results 
Table 66 presents the levels of hog production by regions under 
solutions SOI, S03, S05 and S07 for production alternative P. 
Table 6 7 presents the levels of hog production by regions under solution 
S09, Sll, S13, and S15 for production alternative P^ . 
Table 68 presents and shadow prices (S) the demand levels for the solutions 
S09, Sll, S13 and S15. 
Table 69 presents the shadow prices components for the demand and 
production rows, for the computation of their weighted average. 
Table 70 presents the shadow prices corresponding to the available feed 
(AF) rows. 
Table 71 presents the feed surplus (slack activity) and the surplus 
regional states for all feeds. 
Table 66. Production of live hogs in 100 lbs by regions for solutions; 
1, 3, 5, 7 under production alternative (P) 
SOI S03 




4 30,046 30,046 
5 28,968,282 28,968,282 
6 
7 396,706 396,706 
8 2,864,619 2,864,619 
9 153,711 153,711 
10 1,119,267 1,119,267 
11 3,416,913 3,416,913 
12 19,599,693 
13 6,675,653 
14 2,015,359 • 2,015,359 
15 
16 3,216,881 3,216,881 
17 1,936,799 1,936,799 
18 
19 1,051,003 1,051,003 
20 310,837 310,837 
21 622,539 622,539 
22 28,221,591 28,221,591 
23 4 5,494,474 45,494,474 
24 18,029,066 
25 756,941 756,941 
26 1,177,478 1,177,478 
27 8,250,235 8,250,235 
28 
29 965,077 965,077 
30 2,206,944 2,206,944 
31 119,045 119,045 
32 67,164 67,164 
33 62,455 62,455 
34 729,717 729,717 
35 1,080,851 
36 104,011 104,011 
37 15,602 15,602 
38 81,907 
39 
denotes farm type No. 1. 

















7 396,706 396,706 
8 2,864,619 2,864,619 
9 153,711 153,711 
10 1,119,267 1,119,267 
11 3,396,976 3,396,976 
12 19,483,007 
13 6,636,701 
14 2,015,359 2,015,359 
15 
16 3,216,881 3,216,881 
17 1,936,799 1,936,799 
18 
19 1,051,003 1,051,003 
20 310,837 310,837 
21 622,539 622,539 
22 28,291,032 28,214,554 
23 45,229,280 45,229,280 
24 17,997,465 
25 756,941 756,941 
26 1,177,478 1,177,478 
27 7,552,636 7,559,636 
28 
29 965,077 965,077 
30 2,206,944 2,478,549 
31 119,045 119,045 
32 715,259 715,259 
33 62,455 62,455 
34 729,717 729,717 
35 1,080,851 
36 104,011 104,011 








Table 67. Production of live hogs in 100 lbs by regions for solutions; 
9, 11, 13, 15 under production alternative Px (assuming that 
more than 60% of the total U.S. hog production in 1970 will 
be produced by the 10 leading states in 1970) 
S09 Sll 





5 10,580,991 10,580,991 
6 
7 
8 36,176,945 36,176,945 
9 
10 
11 2,047,049 2,047,049 
12 12,058,270 
13 6,636,701 
14 1,204,130 1,204,130 
15 
16 
17 1,658,579 1,658,579 
18 
19 2,049,069 2,049,069 
20 412,783 412,783 
21 1,031,616 1,031,616 
22 28,146,817 28,146,817 
23 45,229,280 45,229,280 
24 18,383,002 
25 1,773,015 1,773,015 
26 1,177,478 1,177,478 
27 7,988,882 7,988,882 
28 
29 87,592 87,592 
30 145,487 145,487 
31 984,840 984,840 
32 
33 3,376 3,376 
34 150,729 150,729 
35 258,230 








Note; P = Aq = 130,201,424 loo lbs. 
= 60% of the total U.S. 
live hogs, 
























































































Table 68. Demand levels (D) and shadow prices (S) for the solutions 9, 










1 224,678 18.70 18.71 223,367 18.79 18,78 
2 2,126,358 18.29 18.30 2,113,951 18.38 18.37 
3 7,960,816 17.98 17.99 7,914,365 18.06 18.05 
4 1,827,983 18.10 18.11 1,817,317 18.18 18.17 
5 8,999,731 17.19 17.20 8,947,218 17.26 17.25 
6 5,192,774 17.52 17.53 5,162,474 17.60 17.59 
7 7,867,350 16.96 16.97 7,821,443 17.03 17.02 
8 3,393,546 16.79 16.80 3,373,745 16.85 16.84 
9 204,907 17.38 17.39 203,711 17.45 17.44 
10 6,325,155 18.01 18.02 6,288,248 18.09 18.08 
11 3,416,913 18.33 18.34 3,396,976 18.42 18.41 
12 12,129,050 16.80 16.80 12,058,270 16.86 16.86 
13 6,675,653 16.81 16.81 6,636,701 16.87 16.87 
14 6,283,814 17.11 17.12 6,247,148 17.18 17.17 
15 983,193 18.07 18.08 977,456 18.17 18.16 
16 3,496,000 17.62 17.63 3,475,600 17.71 17.70 
17 1,844,161 17.63 17.64 1,833,401 17.72 17.71 
18 990,383 18.62 18.63 984,603 18.73 18.72 
19 2,232,407 17.24 17.24 2,219,381 17.30 17.30 
20 415,206 17.32 17.32 412,783 17.31 17.31 
21 866,360 16,62 16.62 861,305 16,6 7 16,67 
22 6,262,245 16.04 16.05 6,225,705 16.09 16.08 
23 45,494,474 16.26 16.27 45,229,280 16.33 16.32 
24 12,968,450 16.30 16.30 12,892,780 16.38 16.38 
25 64,707 17.10 17.10 64,329 17.20 17.20 
26 5,818,279 17.07 17.07 5,784,330 17.17 17.17 
27 6,382,673 16.38 16.39 6,345,430 16.44 16.43 
28 4,389,322 16.41 16.42 4,363,710 16.47 16.46 
29 1,734,519 16.71 16.72 1,724,398 16.77 16.76 
30 4,252,718 17.07 17.08 4,227,903 17.14 17.13 
31 221,083 17.82 17.83 219,793 17.90 17.89 
32 1,775,860 17.31 17.32 1,765,498 17.39 17.38 
33 59,315 17.64 17.65 58,969 17.72 17.71 
34 974,206 18.31 18.31 1,063,972 18.43 18.43 
35 1,948,413 19.45 19.45 1,937,044 19.59 19.59 
36 266,019 17.87 17.88 264,467 17.96 17.95 
37 5,392 18.59 18.60 5,360 18.69 18.68 
38 3,292,890 19.55 19.56 3,273,676 19.67 19.66 
39 373,865 18.46 18.47 371,683 18.56 18.55 
SP A40 .70 .70 .64 .64 
Note P 5 Aq = 130, 201, 424 100 lbs. live hogs 










































Shadow prices components in $/lOO lbs liveweight hogs under 
solution SOI for demand and production rows (in thousand 100 
lbs liveweight hogs) 
Demand SPj Production SPa 
D A 
224 19.63 0. 
2126 19.22 0. 
7960 18.91 0. 
1827 19.03 30. 
8999 18.12 
5192 18.45 0. 
7867 17.83 
3393 17.86 2864 1.06 
204 18.40 153 0.39 
6325 19.08 1119 0.18 
3416 18.87 3416 
2129 17.51 
6675 17.51 
6283 17.94 2015 0.64 
983 18.90 0. 
3496 18.45 3216. 0.13 
1844 18.27 1936. 0.48 
990 19.45 0. 
2232 18.43 1051 1.08 
415 18.71 310 1.45 








1734 17.54 965 0.61 
4252 17.90 2206 
221 18.65 119 1.00 
1775 18.11 67 
59 18.11 62 0.20 
974 19.02 729 0.15 
1948 20.16 1080 
266 19.12 104 0.81 
5 19.42 15 0.30 
3292 20.38 81 
373 19.29 0. 
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Table 70. Shadow prices in $/lOO lbs of feed . SOI for available feed 
rows. Feeds 1 » 2j 3, 4, 5, 6 
Region/Feed 1 
1 2 3 4 5 6 
1 1.17 1.74 0.79 
2 1.44 1.53 0.31 
3 1.69 1.56 0.07 0.52 
4 1.70 1.59 0.70 
5 0.02 1.73 1.83 0.25 0.18 0.75 
5 1.47 1.65 0.05 0.35 
7 1.48 1.89 0.05 0.38 
8 1.46 2.04 0.02 0.28 
9 1.48 1.81 0.06 0.97 
10 1.46 1.77 0.38 
11 1.43 1.86 
12 1.22 1.82 0.13 
13 1.27 1.69 0.01 
14 1.32 2.23 0.16 
15 1.25 2.06 0.14 
16 1.52 2.27 0.37 
17 1.56 2.45 0.19 
18 1.71 2.03 0.24 1.29 
19 0.25 1.29 2.43 
20 0.02 1.03 2.43 0.00 
21 1.06 2.19 0.06 
22 1.27 1.88 
23 1.15 1.68 0.08 
24 1.42 1.46 0.54 
25 1.18 1.19 1.41 
26 1.18 1.24 0.79 
27 1.07 1.68 0.00 
28 1.00 1.76 
29 1.01 1.95 0.04 
30 0.80 2.15 0.11 0.34 
31 0.00 0.94 1.70 0.04 1.49 
32 1.05 1.44 1.18 
33 1.20 1.21 1.79 
34 0.02 1.28 0.87 0.07 3.09 
35 1.42 0.47 0.29 4.63 
36 0.29 1.05 1.10 0.13 2.49 
37 0.02 1.19 0.85 0.26 3.01 
38 1.32 1.08 0.38 3.69 
39 1.15 1.46 0.20 2.25 
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Table 71. Feed surplus (slack variables) SOI and surplus regional states 
for feeds 1, 2, 3, 4, 5, 6 
Rank Region Com(mil. 100 lbs) Rank Region Sorghum(mil. 100 lbs) 
1 23 589.4 Iowa 1 28 34.281 Kansas 
2 12 281.2 Illinois 2 30 22.952 Texas 
3 7 48.2 Indiana 3 29 1.062 Oklahoma 
4 22 47.2 Missouri 4 11 0.692 N. Carolina 
5 24 31.1 Minnesota 5 21 0.314 Arkansas 
6 26 12.5 S. Dakota 6 38 0.293 California 
7 28 9.1 Kansas 7 14 0.256 Tennessee 
8 11 6.5 N. Carolina 8 32 0.238 Colorado 
9 8 5.2 Kentucky- 9 8 0.210 Kentucky-
10 16 4.2 Georgia 10 16 0.190 Georgia 
Rank Region Barley Rank Region Oats 
1 24 3.383 Minnesota 1 7 6.189 Indiana 
2 38 0.217 California 2 11 3.057 N. Carolina 
3 29 0.180 Oklahoma 3 12 1.966 Illinois 
4 11 0.139 N. Carolina 4 23 1.900 Iowa 
5 8 0.120 Kentucky 5 6 1.702 Michigan 
6 3 0.112 Pennsylvania 6 22 1.102 Missouri 
7 35 0.106 Oregon 7 15 0.694 S. Carolina 
8 13 0.076 Wisconsin 8 14 0.276 Tennessee 
9 10 0.070 Virginia 9 5 0.23 9 Ohio 
10 14 0.025 Tennessee 10 34 0.154 Idaho 
Rank Region Wheat Rank Region Soybeans 
1 28 32.910 Kansas 1 12 20.714 Illinois 
2 12 21.373 Illinois 2 23 17.141 Iowa 
3 27 19.995 N ebraska 3 8 1.005 Kentucky 
4 24 10.036 Minnesota 4 6 0.280 Michigan 
5 7 8.559 Indiana 5 13 0.272 Wisconsin 
6 26 6.714 S. Dakota 6 18 0.438 Florida 
7 5 5.126 Ohio 7 3 0.0163 Pennsylvania 
8 23 1.100 Iowa 8 2 0.0004 N ew York 
9 11 0.805 N. Carolina 9 
10 8 0.611 Kentucky 10 
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Tables 72-73 present the transhipment routes for hogs. Tables 74-
75 present the transhipment routes for feed. They are as follows: 
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D^emand levels at base are equal to 90% of the projected values. 
1^ unit = 100 pound liveweight hogs. 
%ogs can be transported from anywhere. 
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Table 73.. Transhipment routes for hogs^  in 1000 units 
SOI S13 
HO 201 224.6 H0201 224.6 
H0302 2351. H0302 2351. 
H0503 12109.7 H0503 12139.8 
H0304 1797.9 H0304 1827.9 
H0506 5192.7 H0805 15751.3 
H1207 7470.6 H0506 5192.7 
H2208 3120. H0807 7867.3 
H0509 2665.9 H0809 904.9 
H0810 2591. H0810 7695. 
H0910 2614.7 HlOll 1369.8 
H2214 6428.5 H0814 2211.3 
H1615 983.1 H2214 8536.9 
H1416 2160. H1615 983.1 
H1618 897.7 H1416 5469.5 
H1718 92.6 H1618 990.3 
H2119 1181.4 H2119 165.2 
H2120 104. H2425 805.3 
H2221 1529.5 H 24 26 4640.8 
H2425 419.8 H2227 635.4 
H 24 26 4640.8 H2228 12712.1 
H2228 10881.2 H2829 8322.7 
H2829 6491.8 H2930 4107.2 
H2930 2045.7 H2931 2568.6 
H2931 3676.6 H2732 1775.8 
H2732 1867.5 H2733 59.3 
H2534 1112. H2534 2513.6 
H3435 867.5 H3435 1690.1 
H3236 158.8 H3637 266.2 
H3336 3.1 H3738 334.3 
H3738 10.2 H3938 2958.5 
H3938 3200.7 H3139 3332.3 
H3139 3574.6 H1417T 199. 
H^ogs from the 23 regions are transported through region No, 
22. Hogs from the 11 region are transported through region No. 14. Hogs 
from the 13 region are transported through region No. 24. 
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Table 74. Transhipment routes for feeds (NF) SOI in 1000 units of feed 
NFl Activity Level NF5 Activity Level 
0203 40.4 2214 6046.5 
0204 79. 1417 6046.5 
0705 48391.1 2119 1634.1 
1208 6995.9 2221 2522.8 
0809 160.7 3231 372.8 
0309 40.4 2534 3190.9 











17957.4 NF6 Activity Level 
2214 24721.8 0705 27158.7 
1116 8707.9 1207 17678. 
1417 30.8 0708 6265.1 
1419 1278. 0509 2475.6 
3020 841.4 0910 2366.3 
2221 772.8 1511 276. 
2722 13259.1 1011 1612.6 
3229 478. 1213 6417.1 
2732 478. 0814 3290.5 




















































Table 75. Transhipment routes for feeds (NF) S13 in 1000 units 
NFl Activity Level 
1208 78926.6 
2722 73831.5 
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Feed Usage Activities 
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Feed Buying Activities 
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Note: Feed at farm price (R), or at reduced farm price (P) bought 
at the region (1) is transferred as available feed in the same 
region (AF rows) for the 1 (Industrial and Commercial) and 
0 (Average) type farms respectively; 
AFQl for FQYl 
AFQ2 for FQY 
Feed available then at this same region is transformed into 
energy and protein respectively. 
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Table 77. Production activities (Tableau 1) 
1—4 1—1 H <N CN CN CO en en 
O O O O O O CN CNJ CN 
H (N m R4 CM m R-4 rg CN 
PH PL, PH PL4 PH PH PH PH PH 
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G DOl d 111 
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E R02 b 
G D02 d 111 
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Note 1. Hog transporting activities from one region to other by 0 
rail or by T trucks. The C value is the transportation cost. 
2. In the above descriptional table form hogs from region 2 are 
transported to region 1. 
3. Some of the transporting activities have been eliminated, as 
explained earlier but are included here. 
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Table 79, Feed transporting activities region 1 as origin center 
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Table 80. Liveweight restrictions by regions 
AY less than 60% of the 1970 regional level, AO more than 60% 
of the 1970 U.S. level for the group of the 10 leading states 
A1 203557.9 A21 622539.6 
A2 184963.9 A22 
A3 1055017. A23 
A4 576011.8 A24 
A5 A25 756941.9 
A6 1558547. A 26 4650027. 
A7 A27 
A8 2864619. A28 
A9 153711.9 A29 965077.6 
AlO 1119267. A30 2478549. 
All 3977973. A31 119045.9 
A12 A3 2 715259.9 
A13 A33 62455.9 
A14 2015359. A34 729717.6 
A15 1050725. A35 4104518.8 
A16 3216881. A36 104011.9 
A17 1936799. A37 15602. 
A18 560355.6 A3 8 267559.9 
A19 1051003. A3 9 163459.9 
A20 310837.9 AO 130201424.0 
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8. CONCLUSIONS 
This research work was designed to study the allocation of hog 
producing representative geographical farm structures as well as the 
industry and its reactions to a number of changes to relevant factors 
of interest and levels of changes in these factors. 
The first section introduced the problem and described the overall 
and specific objective and established a format of the research work. 
The computer model was followed by a general description of each program 
and the results. 
The objectives were to determine; 
1. The hog producing centers and the marginal cost of 
producing hogs as a dominant factor in determining the 
production level and as a consequence, the feed surplus 
level in each region. 
2. The market allocation of the industry, the dominant 
farm-size structure in the market, and the long run 
equilibria by allowing different size of farms to enter 
the regions. 
3. The regional effects and the industry sensitivity to 
changes in wage level, transportation rates, demand 
levels resulting from a fuel cost increase and production 
levels in each region. 
These were the interesting alternatives that were considered in this 
v) 
work, but there are many more that are expected to follow especially 
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considerations on vertically integrated firms that could own slaughtering 
facilties and meat processing units. 
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Railroads; distances in miles between cities representing regions 
Region 
1 2 3 4 5 
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6 7 8 9 10 11 
1035.0 1024.0 1035.0 917.0 647.0 832.0 
806.0 795.0 906.0 612.0 342.0 527.0 
626.0 615.0 726.0 508.0 238.0 423.0 
709.0 698.0 809.0 425.0 155.0 340.0 
191.0 180.0 228.0 164.0 537.0 722.0 
0.0 367.0 478.0 355.0 728.0 913.0 
367.0 0.0 111.0 344.0 717.0 902.0 
478.0 111.0 0.0 326.0 699.0 904.0 
355.0 344.0 326.0 0.0 373.0 558.0 
728.0 717.0 699.0 373.0 0.0 185.0 
913.0 902.0 904.0 558.0 185.0 0.0 
284.0 183.0 294.0 478.0 851.0 1036.0 
365.0 264.0 375.0 559.0 932.0 1117.0 
665.0 298.0 187.0 513.0 698.0 708.0 
1116.0 1105.0 1107.0 761.0 388.0 203.0 
951.0 584.0 473.0 799.0 952.0 962.0 
1117.0 750.0 768.0 965.0 1247.0 1128.0 
1608.0 1311.0 1329.0 1456.0 1738.0 1619.0 
1856.0 609.0 498.0 824.0 1495.0 1376.0 
2046.0 799.0 688.0 1014.0 1685.0 1566.0 
990.0 623.0 512.0 883.0 1068.0 1078.0 
727.0 519.0 553.0 863.0 1236.0 1421.0 
642.0 541.0 614.0 836.0 1209.0 1394.0 
680.0 579.0 690.0 874.0 1247.0 1432.0 
1126.0 1025.0 1136.0 1320.0 1693.0 1878.0 
1106.0 1005.0 1116.0 1300.0 1673.0 1858.0 
787.0 686.0 759.0 981.0 1354.0 1590.0 
939.0 731.0 765.0 1075.0 1448.0 1633.0 
1148.0 781.0 815.0 1125.0 1498.0 1432.0 
1365.0 998.0 887.0 1258.0 1443.0 1453.0 
1778.0 1411.0 1445.0 1755.0 2128.0 2062.0 
1294.0 1086.0 1120.0 1430.0 1803.0 1988.0 
1514.0 1413.0 1486.0 1708.0 1081.0 2081.0 
1819.0 1718.0 1829.0 2013.0 2386.0 2647.0 
2575.0 2474.0 2547.0 2769.0 3142.0 3378.0 
1863.0 1655.0 1689.0 1999.0 2369.0 2557.0 
2259.0 2051.0 2085.0 2395.0 2765.0 2953.0 
2795.0 2587.0 2621.0 2931.0 3301.0 3489.0 
2133.0 1766.0 1800.0 2110.0 2483.0 2417.0 
Table A.l. (Continued) 
Region 
























































































































17 18 19 20 21 22 
1455.0 1946.0 2194.0 2384.0 1547,0 2066,0 
1150.0 1641.0 1889.0 2079.0 1418.0 1937.0 
1046.0 1537.0 1785.0 1975.0 1238.0 1757.0 
963.0 1454.0 1702.0 1892.0 1321.0 1840.0 
867.0 1358.0 1606.0 1796.0 740.0 1259,0 
1117.0 1608.0 1856.0 2046.0 990.0 727.0 
750.0 1311.0 • 609.0 799.0 623.0 519.0 
768.0 1329.0 498.0 688.0 512.0 553.0 
965.0 1456.0 824.0 1014.0 883.0 863.0 
1247.0 1738.0 1495.0 1685.0 1068.0 1236.0 
1128.0 1619.0 1376.0 1566.0 1078.0 1421.0 
1030.0 1591.0 738.0 928.0 635.0 451.0 
1111.0 1672.0 819.0 1009.0 716.0 532.0 
295.0 856.0 311.0 501.0 370.0 603.0 
420.0 491.0 668.0 858.0 805.0 1177.0 
166.0 561.0 414.0 604.0 551.0 923,0 
0.0 673.0 248.0 438.0 385.0 757,0 
673.0 0,0 921.0 1111,0 1016.0 1430,0 
248.0 921.0 0.0 190,0 343.0 695,0 
438.0 1111.0 190.0 0,0 501,0 795,0 
385.0 1016.0 343.0 501,0 0.0 525.0 
757.0 1430.0 695.0 795,0 525.0 0,0 
818.0 1491.0 856.0 1046.0 689.0 221,0 
1078.0 1987.0 1116.0 1306.0 949.0 471,0 
1524.0 2433.0 1562.0 1752.0 1395.0 917,0 
1504.0 2413.0 1542.0 1732.0 1375.0 897,0 
1014.0 1687.0 1052.0 1242.0 885.0 196,0 
871.0 1544.0 809.0 909.0 639.0 212,0 
739.0 1370.0 647,0 664.0 354.0 385,0 
760.0 1391.0 442.0 459,0 375.0 590,0 
1369.0 2080.0 1131,0 1148,0 1043,0 914,0 
1324.0 2193.0 1244,0 1261.0 1177,0 557,0 
1907.0 1741.0 2414.0 1587,0 1503,0 893,0 
2473.0 2307.0 2980.0 2153,0 2069,0 1459,0 
2802.0 3475.0 2840.0 3030,0 2673,0 1984,0 
1893.0 2762.0 1813.0 1830,0 1646,0 1136,0 
2289.0 3158.0 2209.0 2226,0 2042,0 1532,0 
2349.0 3794.0 2001.0 2018,0 2013,0 1884,0 
1724.0 2435.0 1486.0 1403,0 1398,0 1269,0 
Table A.l. (Continued) 
Region 
























































































































28 29 30 31 32 33 
2278.0 1805.0 1922.0 2435.0 2633.0 2437,0 
2149.0 1576.0 1793.0 2206.0 2504.0 2208,0 
1969.0 1396.0 1613.0 2026.0 2324.0 2028,0 
2052.0 1479.0 1696.0 2109.0 2407.0 2111.0 
1471.0 961.0 1115.0 1591.0 1826.0 1544.0 
939.0 1148.0 1365.0 1778.0 1294,0 1514.0 
731.0 781.0 998.0 1411.0 1086,0 1413.0 
765.0 815.0 887.0 1445.0 1120,0 1486.0 
1075.0 1125.0 1258.0 1755.0 1430.0 1708.0 
1448.0 1498.0 1443.0 2128.0 1803.0 1081.0 
1633.0 1432.0 1453.0 2062.0 1988.0 2081.0 
663.0 827.0 1010.0 1457.0 1076.0 2317.0 
744.0 908.0 1091.0 1538.0 1157.0 1281.0 
717.0 724.0 745.0 1354.0 1160.0 1362.0 
1291.0 1159.0 1180.0 1789.0 1744.0 1724.0 
1037.0 905.0 926.0 1535.0 1490.0 2161.0 
871.0 739.0 760.0 1369.0 1324.0 1907.0 
1544.0 1370.0 1391.0 2080.0 2193.0 1741.0 
809.0 647.0 442.0 1131.0 1244.0 2414.0 
909.0 664.0 459.0 1148.0 1261.0 1587.0 
639.0 354,0 375,0 1043.0 1177.0 1503.0 
212.0 385.0 590,0 914.0 567.0 893,0 
433.0 606.0 811.0 1133.0 667.0 872.0 
683.0 866.0 1071.0 1383.0 899.0 1104,0 
1129.0 1312.0 1517.0 1829.0 1316.0 1521,0 
1109.0 1292.0 1497.0 1809.0 1323.0 1528.0 
408.0 581.0 786,0 1108.0 522.0 727.0 
0.0 173.0 378,0 700.0 813.0 1139.0 
173.0 0.0 205.0 630.0 743.0 1069.0 
378.0 205.0 0.0 689.0 802.0 1128.0 
700.0 630.0 689.0 0.0 504.0 830.0 
813.0 743.0 802.0 504.0 0,0 326.0 
1139.0 1069.0 1128.0 830.0 326.0 0.0 
1705.0 1635.0 1694.0 1396,0 892.0 566.0 
2278.0 2208.0 2267.0 1969.0 1465.0 1292.0 
1382.0 1312.0 1371,0 1073.0 569.0 566.0 
1778.0 1708.0 1767,0 1469.0 965.0 962.0 
1670.0 1600,0 1659,0 970.0 1847.0 1844.0 
1055.0 985.0 1044,0 355.0 859,0 1185.0 
Table A.l. (Continued) 
Region 








































































































































































































Trucks, distances in miles between cities representing regions 
Region 
1 2 3 4 5 
0.0 209.0 398.0 399.0 769.0 
209.0 0.0 186.0 187.0 557.0 
398.0 186.0 0.0 80.0 368.0 
399.0 187.0 80.0 0,0 408.0 
769.0 557.0 368.0 408.0 0.0 
699.0 667.0 481.0 511,0 202.0 
941.0 1636.0 540.0 580.0 172.0 
986.0 769.0 582.0 604.0 217.0 
803.0 591.0 403.0 391.0 168.0 
546.0 334.0 228.0 148.0 453.0 
701.0 489.0 383.0 303.0 498.0 
975.0 840.0 657.0 687.0 315.0 
1064.0 932.0 746.0 776.0 448.0 
1165.0 949.0 762.0 725.0 396.0 
906.0 694.0 588.0 508.0 557.0 
1068.0 855.0 719.0 669.0 549.0 
1185.0 974.0 812.0 787.0 579.0 
1379.0 1167.0 1036.0 981.0 1424.0 
1433,0 1222.0 1060.0 1035.0 769.0 
1516.0 1405.0 1243.0 1218.0 1006.0 
1494.0 1282.0 1094.0 1086.0 725.0 
1456.0 1319.0 1024.0 1099.0 656.0 
1311.0 1173.0 988.0 1025.0 695.0 
1385.0 932.0 1067.0 1097.0 769.0 
1823.0 1691.0 1505.0 1535.0 1207.0 
1739.0 1607.0 1421.0 1451.0 1123.0 
1449.0 1312.0 1127.0 1163.0 748.0 
1654.0 1517.0 1330.0 1297.0 852.0 
1684.0 1472.0 1283.0 1321.0 915.0 
1850.0 1638.0 1449.0 1489.0 1081.0 
2194.0 2001.0 1922.0 1889.0 1444.0 
1989.0 1851.0 1666.0 1701.0 1233.0 
1978.0 1850.0 1665.0 1702.0 1372.0 
2525.0 2387.0 1202.0 2239.0 1909.0 
3085.0 2953.0 2767.0 2816.0 2469.0 
2405.0 2267.0 2081.0 2118.0 1701.0 
2767.0 2629.0 2443.0 2480.0 2063.0 
3260.0 3143.0 2957.0 2923.0 2473.0 
2494.0 2301.0 2222.0 2189.0 1744.0 
186 
Region 
6 7 8 9 10 11 
699.0 941.0 986.0 803.0 546.0 701.0 
667.0 1636.0 769.0 591.0 334.0 489.0 
481.0 540.0 582.0 403.0 228.0 383.0 
511.0 580.0 604.0 391.0 148.0 303.0 
202.0 172.0 217.0 168.0 453.0 498.0 
0.0 277.0 375.0 370.0 620.0 688.0 
277.0 0.0 114.0 301.0 609.0 634.0 
"375.0 114.0 0.0 262.0 580.0 551.0 
370.0 301.0 262.0 0.0 311.0 329.0 
620.0 609.0 580.0 311.0 0.0 155.0 
688.0 634.0 551.0 329.0 155.0 0.0 
271.0 186.0 301.0 468.0 796.0 797.0 
364.0 276.0 390.0 557.0 885.0 886.0 
555.0 294.0 180.0 411.0 624.0 542.0 
746.0 601.0 499.0 111.0 358.0 207.0 
726.0 508.0 432.0 497.0 533.0 396.0 
741.0 480.0 366.0 574.0 685.0 548.0 
1193.0 975.0 861.0 866.0 833.0 680.0 
927.0 631.0 552.0 786.0 933.0 796.0 
1165.0 885.0 790.0 1005.0 1106.0 969.0 
896.0 562.0 508.0 750.0 985.0 887.0 
751.0 484.0 516.0 785.0 1109.0 1067.0 
606.0 483.0 569.0 785.0 1127.0 1114.0 
685.0 597.0 711.0 875.0 1206.0 1207.0 
1123.0 1035.0 1129.0 1316.0 1644.0 1645.0 
1039.0 951.0 1065.0 1232.0 1560.0 1561.0 
744.0 583.0 689.0 885.0 1265.0 1214.0 
949.0 682.0 714.0 981.0 1307.0 1234.0 
1049.0 743.0 770.0 1152.0 1403.0 1274.0 
1219.0 913.0 864.0 1106.0 1341.0 1232.0 
1538.0 1272.0 1306.0 1713.0 1988.0 1825.0 
1284.0 1061.0 1120.0 1366.0 1805.0 1671.0 
1283.0 1160.0 1246.0 1462.0 1804.0 1794.0 
1820.0 1697.0 1783.0 1999.0 2341.0 2328.0 
2385.0 2297.0 2412.0 2578.0 2906.0 2907.0 
1700.0 1536.0 1632.0 1838.0 2225.0 2167.0 
2062.0 1898.0 1994.0 2200.0 2587.0 2529.0 
2575.0 2308.0 2335.0 2609.0 2910.0 2812.0 
1838,0 1572.0 1606.0 2013.0 2288.0 2125.0 
Table A,2. (Continued) 
Region 



































































































































































































































































































































































Table A,2. (Continued) 
Region 
























































































































28 29 30 31 32 33 
1654.0 1684.0 1850.0 2194.0 1989.0 1978.0 
1517.0 1472.0 1638.0 2001.0 1851,0 1850.0 
1330.0 1283.0 1449.0 1922.0 1666,0 1665.0 
1297.0 1321.0 1489.0 1889.0 1701,0 1702.0 
852.0 915.0 1081.0 1444.0 1233.0 1372.0 
949.0 1049.0 1219.0 1538.0 1284,0 1283.0 
682.0 743.0 913.0 1272.0 1061,0 1160.0 
714.0 770.0 864.0 1306.0 1120,0 1246.0 
981.0 1152.0 1106.0 1713.0 1366,0 1462.0 
1307.0 1403.0 1341.0 1988.0 1805,0 1804.0 
1234.0 1274.0 , 1232.0 1825.0 1671,0 1794.0 
697.0 797.0 967.0 1289.0 1016,0 1015.0 
778.0 876.0 1046.0 1370.0 1040,0 1055.0 
698.0 738.0 717.0 1289.0 1158,0 1315.0 
1100.0 1079.0 1051.0 1630.0 1605,0 1741.0 
895.0 845.0 836.0 1396.0 1401,0 1571.0 
776.0 726.0 684.0 1889.0 1282.0 1485.0 
1308.0 1244.0 1110.0 1716.0 1814,0 2016.0 
733.0 578.0 434.0 1046.0 1191,0 1505,0 
778.0 818.0 459.0 1057.0 1362,0 1395.0 
473.0 349,0 356.0 900.0 957,0 1250.0 
195.0 347.0 530.0 790.0 604,0 407.0 
403.0 560.0 735.0 994,0 679,0 677.0 
655.0 813.0 987.0 1247.0 841,0 929.0 
791.0 960.0 1206.0 1105,0 685.0 609.0 
584.0 741.0 999.0 927,0 523.0 398.0 
303.0 454.0 687.0 895,0 540.0 658.0 
0.0 157.0 415.0 596.0 507.0 790.0 
157.0 0.0 238.0 552.0 615,0 916.0 
415.0 238.0 0.0 608.0 753,0 1098.0 
596.0 552.0 608.0 0.0 422,0 705.0 
507.0 615.0 753.0 422.0 0,0 283.0 
790.0 916.0 1098.0 705.0 283.0 0.0 
1393.0 1519.0 1101.0 1308,0 886.0 603.0 
1784.0 1893.0 2074.0 1413,0 1278.0 1278.0 
1005.0 1024.0 1274.0 647,0 512.0 410.0 
1367.0 1386.0 1636.0 1009,0 874.0 772.0 
1811.0 1585.0 1506.0 840,0 1260.0 1237.0 
896.0 900.0 956.0 348,0 678.0 961.0 
Table A.2. (Continued) 
Region 
Region 34 35 36 37 38 
1 2525.0 3085.0 2405.0 2767.0 3260.0 
2 2387.0 2953.0 2267.0 2629.0 3143.0 
3 1202.0 2767.0 2081.0 2443.0 2957.0 
4 2239.0 2816.0 2118.0 2480.0 2923.0 
5 1909.0 2469.0 1701.0 2063.0 2473.0 
6 1820.0 2385.0 1700.0 2062.0 2575.0 
7 1697.0 2297.0 1536.0 1898.0 2308.0 
8 1783.0 2412.0 1632.0 1994.0 2335.0 
9 1999.0 2578.0 1838.0 2200.0 2609.0 
10 2341.0 2906.0 2225.0 2587.0 2910.0 
11 2328.0 2907.0 2167.0 2529.0 2812.0 
12 1552.0 2112.0 1431.0 1793.0 2323.0 
13 1575.0 2026.0 1455.0 1817.0 2414.0 
14 1852.0 2398.0 1670.0 2032.0 2286.0 
15 2278.0 2895.0 2109.0 2471.0 2645.0 
16 2108.0 2654.0 1900.0 2262.0 2425.0 
17 2022.0 2552.0 1781.0 2143.0 2284.0 
18 2563.0 3084.0 2313.0 2675.0 2708.0 
19 2042.0 2450.0 1648.0 2010.0 2038.0 
20 1932.0 2621.0 1819.0 2181.0 2049.0 
21 1787.0 2234.0 1456.0 1818.0 1929.0 
22 1415.0 1846.0 1116.0 1478.0 1844.0 
23 1214.0 1819.0 1094.0 1456.0 2029.0 
24 1086.0 1690.0 1239.0 1601.0 2168.0 
25 638.0 1262.0 960.0 1322.0 1723.0 
26 773.0 1356.0 851.0 1213.0 1699.0 
27 1115.0 1691.0 955.0 1217.0 1803.0 
28 1393.0 1784.0 1005.0 1367.0 1811.0 
29 1519.0 1893.0 1024.0 1386.0 1585.0 
30 1101.0 2074.0 1274.0 1636.0 1506.0 
31 1308.0 1413.0 647.0 1009.0 840.0 
32 886.0 1278.0 512.0 874.0 1260.0 
33 603.0 1278.0 410.0 772.0 1237.0 
34 0.0 675.0 429.0 672.0 1137.0 
35 675.0 0.0 802.0 545.0 742.0 
36 429.0 802.0 0.0 362.0 827.0 
37 672.0 545.0 362.0 0.0 465.0 
38 1137.0 742.0 827.0 465.0 0.0 





















































































Transportation cost in cents per pound for shipping by railroads 
com between cities representing Regions 
Region 
1 









































































































































































































6 7 8 9 10 11 
0.64299 0.62727 0.64299 0.49581 0.31497 0.41748 
0.39776 0.38999 0.48443 0.30426 0.27109 0.28682 
0.30826 0.30509 0.34850 0.28427 0.25498 0.27666 
0.34009 0.33502 0.39994 0.27680 0.22105 0.27092 
0.23923 0.23434 0.25224 0.22621 0.28833 0.34646 
0.0 0.27301 0.28100 0.27213 0.34953 0.49162 
0.27301 0.0 0.18849 0,27126 0.34396 0.48038 
0.28100 0.18849 0.0 0.26962 0.33547 0.48240 
0.27213 0.27126 0.26962 0.0 0.27342 0.29194 
0.34953 0.34396 0.33547 0.27342 0.0 0.23663 
0.49162 0.48038 0.48240 0.29194 0,23663 0.0 
0.26436 0.23572 0.26584 0.28100 0.43311 0,64444 
0.27287 0.26086 0.27356 0.29212 0.51196 0.77399 
0.32141 0.26639 0.23751 0.28490 0.33502 0.33962 
0.77224 0.75327 0.75669 0.36801 0,27441 0.24400 
0.53345 0.29728 0.28053 0.39278 0.53461 0,54644 
0.77399 0.36155 0.37229 0.55005 1.03395 0,79345 
2.12830 1.18681 1.23288 1.59738 2.66811 2,17086 
3.22923 0.30344 0.28309 0.41121 1,72356 1,35963 
4.28021 0.39278 0.33064 0.61333 2,43826 1.97098 
0.58132 0.30738 0.28478 0.46185 0,69276 0.70862 
0.34901 0.28570 0.29103 0.44353 1,00937 1.48991 
0.31329 0.28897 0.30481 0.42068 0,95109 1.41069 
0.32730 0.29617 0.33150 0.45345 1.03395 1.52310 
0.78988 0.62867 0,80789 1.20968 2.47208 3.34151 
0.75498 0.60109 0.77224 1.15933 2.38809 3.23934 
0.38454 0.32979 0,36682 0.56981 1.29913 2.05986 
0.51974 0.35110 0,37044 0.70383 1.57234 2.22585 
0.83002 0.38057 0,40438 0.78810 1.73355 1.52310 
1.32911 0.59177 0,46566 1,05903 1.55683 1.58795 
2.85062 1.46020 1.56302 2,74471 4.79156 4.37719 
1.14456 0.72157 0.77925 1,51703 2.96868 3.93973 
1.78752 1.46610 1.69383 2.53633 0.71345 4.49413 
3.04585 2.57978 3.09474 4.08434 6.63533 8.87473 
8.21859 7.34762 7.97137 10.05434 14.20122 17.25562 
3,26468 2.31415 2.45514 4,00296 6.50269 8.05914 
5.68266 4.31036 4.51900 6,70621 10.01431 11.99715 
10.31688 8.32589 8.63437 11,75440 16.22177 18.81001 





































































































































































































































































































































































































































































































































































































































































































28 29 30 31 32 33 
5.81960 2.97827 3.57340 7.02664 8.74483 7.04288 
4.92824 2.00769 2.92109 5.31104 7.60034 5.32480 
3.83198 1.41644 2.14757 4.16082 6.15923 4.17266 
4.31641 1.67097 2.48485 4.66994 6.80141 4.68263 
1.64510 0.54524 0.77050 2.06363 3.08004 1.89185 
0.51974 0.83002 1.32911 2.85062 1.14456 1.78752 
0.35110 0.38057 0.59177 1.46020 0.72157 1.46610 
0.37044 0.40438 0.46566 1.56302 0.77925 1.69383 
0.70383 0.78810 1.05903 2.74471 1.51703 2.53633 
1.57234 1.73355 1.55683 4.79156 2.96868 0.71345 
2.22585 1.52310 1.58795 4.37719 3.93973 4.49413 
0.32067 0.41354 0.60785 1.60053 0.70542 6.10680 
0.35815 0.48647 0.72978 1.87065 0.84697 1.11305 
0.34396 0.34747 0.35871 1.29913 0.85269 1.32088 
1.13723 0.85078 0.89171 2.90218 2.69497 2.60606 
0.64590 0.48341 0.50541 1.86011 1.70700 5.00740 
0.45071 0.35539 0.36741 1.34015 1.21994 3.49324 
1.89185 1.34293 1.40208 4.48793 5.22222 2.68153 
0.39994 0.31497 0.27799 0.79884 1.02720 6.85730 
0.48749 0.32104 0.27931 0.83002 1.06596 2.04861 
0.31231 0.27206 0.27356 0.65470 0.88576 1.75029 
0.24721 0.27422 0.29867 0.49267 0.29367 0.47147 
0.27734 0.30265 0.40141 0.80245 0.32217 0.45162 
0.32854 0.44620 0.69748 1.37932 0.47738 0.75157 
0.79525 1.18934 1.79776 3.09474 1.19947 1.81149 
0.76012 1.13967 1.73022 2.99748 1.21738 1.83569 
0.27569 0.29661 0.38387 0.75840 0.28611 0.34901 
0.0 0.23093 0.27376 0.33592 0.40288 0.81338 
0.23093 0.0 0.24474 0.30947 0.35760 0.69433 
0.27376 0.24474 0.0 0.33107 0.39490 0.79345 
0.33592 0.30947 0.33107 0.0 0.28378 0.41590 
0.40288 0.35760 0.39490 0.28378 0.0 0.26962 
0.81338 0.69433 0.79345 0.41590 0.26962 0.0 
2.52340 2.23378 2.47634 1.41644 0.47049 0.29347 
5.81960 5.32480 5.74009 3.83198 1.62590 1.13967 
1.37649 1.18934 1.34570 0.70065 0.29407 0.29347 
2.85062 2.53633 2.79964 1.63869 0.55005 0.54644 
2.37567 2.09768 2.33045 0.55613 3.18398 3.16901 
0.67269 0.57489 0.65618 0.27213 0.44001 0.90172 
Table B.l, (Continued) 
Region 
agion 34 35 36 37 38 
1 9.78590 18.93938 14.94570 20.41061 29.37001 
2 7.67712 15.80280 13.37183 18.52432 27.04665 
3 6.22703 13.56160 11.34180 16.06390 23.98254 
4 6.87334 14.57073 12.25399 17.17372 25.36983 
5 3.19401 8.48839 6.70621 10.27625 16.56679 
6 3.04585 8.21859 3.26468 5.68266 10.31689 
7 2.57978 7.34762 2.31415 4.31036 8.32589 
8 3.09474 7.97137 2.45514 . 4.51900 8.63437 
9 4.08434 10.05434 4.00296 6.70621 11.75440 
10 6.63533 14.20122 6.50269 10.01431 16.22177 
11 8.87473 17.25562 8.05914 11.99715 18.81001 
12 1.86011 6.29528 2.27372 4.25016 8.23641 
13 1.61953 6.92958 2.61488 4.75294 8.97758 
14 4.59408 10.21544 2.21005 4.15491 6.54153 
15 5.90708 15.19869 6.07696 9.46349 9.89475 
16 9.63857 12.16431 4.35891 7.19019 7.60884 
17 7.33929 10.38822 3.41947 5.89977 6.34867 
18 6.03236 18.60977 9.98435 14.39760 23.47562 
19 12.29899 10.78053 3.01677 5.33169 4.01453 
20 4.95454 12.86937 3.09967 5.44950 4.11366 
21 4.42007 9.11893 2.27775 4.25617 4.08434 
22 1.60685 3.91688 0.80789 1.84961 3.37255 
23 1.54144 3.63291 1.00937 2.22189 4.72730 
24 0.81338 2.88806 1.99295 3.82635 7.18195 
25 0.33280 1.26170 0.78810 1.81493 4.05515 
26 0.45716 1.82529 1.18681 2.53201 5.22222 
27 0.78810 2.89747 0.72978 1.69712 3.85450 
28 2.52340 5.81960 1.37649 2.85062 2.37567 
29 2.23378 5.32480 1.18934 2.53633 2.09768 
30 2.47634 5.74009 1.34570 2.79964 2.33045 
31 1.41644 3.83198 0.70065 1.63869 0.55613 
32 0.47049 1.62590 0.29407 0.55005 3.18398 
33 0.29347 1.13967 0.29347 0.54644 3.16901 
34 0.0 0.31497 0.27734 0.36622 2.25369 
35 0.31497 0.0 0.47441 1.13967 0.42723 
36 0.27734 0.47441 0.0 0.27493 0.46090 
37 0.36622 1.13967 0.27493 0.0 0.28818 
38 2.25369 0.42723 0.46090 0.28818 0.0 










































0 . 0  
TableB.2. Transportation cost in cents per pound for shipping by railroads 
sorghum between cities representing regions 
Region 
Region 12 3 4 5 
1 0.0 0.27391 0.25359 0.22389 0.10516 
2 0.27391 0.0 0.25888 0.26185 0.17436 
3 0.25359 0.25888 0.0 0.17861 0.24501 
4 0.22389 0.26185 0.17861 0.0 0.21358 
5 0.10516 0.17436 0.24501 0.21358 0.0 
6 0.10585 0.11251 0.17003 0.13970 0.26341 
7 0.10386 0.11502 0.17436 0.14342 0.25888 
8 0.10585 0.09803 0.13418 0.11185 0.27373 
9 0.09744 0.17555 0.21758 0.24841 0.25094 
10 0.16193 0.27087 0.27537 0.24571 0.20591 
11 0.10725 0.20996 0.24907 0.27125 0.13545 
12 0.17358 0.09831 0.11431 0.10014 0.27532 
13 0.23161 0.11111 0.10035 0.09739 0.25784 
14 0.28339 0.10685 0.09696 0.10374 0.25169 
15 0.10585 0.13292 0.17003 0.20347 0.09716 
16 0.23243 0.09878 0.10024 0.11455 0.14240 
17 0.41045 0.14315 0.10810 0.09743 0.10178 
18 1.46711 0.71235 0.52960 0.40913 0.29651 
19 2.34015 1.30016 1.02671 0.83662 0.64679 
20 3.17724 1.90516 1.55680 1.30864 1.05378 
21 0.54561 0.36361 0.19369 0.26046 0.12985 
22 1.85929 1.43993 0.95985 1.16637 0.20878 
23 0.57525 0.27460 0.14596 0.19438 0.15262 
24 0.64137 0.31336 0.16 591 0.22267 0.13937 
25 1.80033 1.11431 0.71041 0.88241 0.14596 
26 1.73242 1.06371 0.67252 0.83877 0.13692 
27 0.85388 0.44590 0.24260 0.32427 0.11017 
28 2.69177 2.16361 1.53797 1.81065 0.43201 
29 1.07623 0.59390 0.33775 0.44311 0.09735 
30 1.39533 1.04635 0.65957 0.82383 0.12849 
31 3.42769 2.38861 1.72235 2.01353 0.61998 
32 4.50637 3.78428 2.89668 3.28882 1.12978 
33 3.43776 2.39675 1.72905 2.02089 0.54077 
34 5.17386 3.83228 2.93780 3.33310 1.19027 
35 11.31775 9.16977 7.65878 8.33631 4.34343 
36 8.58929 7.53190 6.18701 6.78842 3.23032 
37 12.33641 11.03158 9.34720 10.10431 5.49127 
38 18.65387 16.99953 14.83382 15.81194 9.68972 
39 5.48468 4.09436 3.16286 3.57507 1.46711 
203 
Region 
6 7 8 9 10 11 
0.10585 0.10386 0.10585 0.09744 0.16193 0.10725 
0.11251 0.11502 0.09803 0.17555 0.27087 0.20996 
0.17003 0.17436 0.13418 0.21758 0.27537 0.24907 
0.13970 0.14342 0.11185 0.24841 0.24571 0.27125 
0.26341 0.25888 0.27373 0.25094 0.20591 0.13545 
0.0 0.26539 0.22931 0.26818 0.13355 0.09763 
0.26539 0.0 0.21077 0.27048 0.13707 0.09829 
0.22931 0.21077 0.0 0.27365 0.14308 0.09816 
0.26818 0.27048 0.27365 0.0 0.26389 0.19736 
0.13355 0.13707 0.14308 0.26389 0.0 0.26103 
0.09763 0.09829 0.09816 0.19736 0.26103 0.0 
0.27769 0.26019 0.27720 0.22931 0.10404 0.10605 
0.26587 0.27766 0.26337 0.19695 0.09701 0.12925 
0.15518 0.27692 0.26185 0.21559 0.14342 0.14004 
0.12887 0.12485 0.12556 0.12376 0.25985 0.26754 
0.09705 0.18679 0.23121 0.11408 0.09707 0.09739 
0.12925 0.12689 0.12184 0.09752 0.20001 0.13359 
0.65043 0.25139 0.26791 0.41177 0.91607 0.67066 
1.20909 0.17674 0.22154 0.10877 0.46589 0.31552 
1.79004 0.11408 0.14689 0.10228 0.80069 0.57694 
0.09934 0.17121 0.21599 0.09993 0.11341 0.11619 
0.13386 0.21318 0.19940 0.10231 0.19231 0.36725 
0.16383 0.20428 0.17476 0.10653 0.17480 0.33548 
0.14973 0.18882 0.14619 0.10092 0.20001 0.38083 
0.13277 0.10403 0.13692 0.25954 0.81747 1.26935 
0.12521 0.10103 0.12887 0.24174 0.77593 1.21450 
0.11694 0.14760 0.12432 0.09854 0.29242 0.61821 
0.09694 0.13261 0.12265 0.11534 0.40125 0.69699 
0.14223 0.11844 0.11058 0.13237 0.47025 0.38083 
0.30379 0.10018 0.09953 0.20803 0.39479 0.40780 
1.00974 0.35523 0.39737 0.95518 2.08402 1.84532 
0.23662 0.11858 0,13040 0.37834 1.07121 1.59804 
0.49400 0.35761 0.45297 0.84954 0.11707 1.91228 
1.11176 0.87137 1.13756 1.67921 3.18685 4.58914 
4.17269 3.62672 4.01688 5.34740 8.08767 10.16033 
1.22806 0.73973 0.80906 1.63345 3.10567 4.07215 
2.60970 1.80721 1.92653 3.23032 5.32149 6.61858 
5.51766 4.24051 4.43611 6.45839 9.45461 11.22849 
2.10281 0.98103 1.06371 2.01720 3.67358 3.33803 
Table B.2. (Continued) 
Region 
Region 12 13 14 15 16 
1 0.17358 0.23161 0.28339 0.10585 0.23243 
2 0.09831 0.11111 0.10685 0.13292 0.09878 
3 0.11431 0.10035 0.09696 0.17003 0.10024 
4 0.10014 0.09739 0.10374 0.20347 0.11455 
5 0.27532 0.25784 0.25169 0.09716 0,14240 
6 0.27769 0.26587 0.15518 0.12887 . 0,09705 
7 0.26019 0.27766 0.27692 0.12485 0.18679 
8 0.27720 0.26337 0.26185 0.12556 0.23121 
9 0.22931 0.19695 0.21559 0,12376 0.11408 
10 0.10404 0.09701 0.14342 0,25985 0.09707 
11 0.10605 0.12925 0.14004 0,26754 0.09739 
12 0.0 0.17595 0.22816 0,23161 0.13137 
13 0.17595 0.0 0.19573 0.30801 0.11037 
14 0.22816 0.19573 0.0 0.20469 0.27762 
15 0.23161 0.30801 0.20469 0.0 0.27710 
16 0.13137 0,11037 0,27762 0,27710 0.0 
17 0.10491 0.12701 0.27714 0,25006 0.25203 
18 0.61993 0.77390 0.10329 0,22428 0.19614 
19 0.13046 0.10976 0.27567 0,15408 0.25201 
20 0.09708 0.10156 0.22036 0.10300 0,17874 
21 0.16653 0.13739 0.26464 0.11273 0,20021 
22 0.23936 0.20794 0.17914 0.15652 0,09722 
23 0.26751 0.24362 0.11363 0,19369 0,09878 
24 0.25754 0.27395 0.09724 0,79860 0.13482 
25 0.10550 0.12130 0.34699 2,09154 0.59561 
26 0.10916 0,12689 0.32427 2.01720 0.56194 
27 0.19899 0.16653 0.10007 0,38334 0,15813 
28 0.15592 0,12865 0,13707 0.23410 0,10624 
29 0,10819 0.09791 0,13482 0.14740 0.09809 
30 0.10171 0,12015 0,12835 0,15813 0.09713 
31 0.41310 0,53118 0,29242 1.03652 0.52644 
32 0.11562 0.14643 0,14789 0,92975 0.45868 
33 2.86491 0.22588 0.30066 0.88464 2.20988 
34 0.52644 0.42114 1.96976 2,74437 5,07882 
35 2.97927 3.36776 5.45181 8.76031 6.72905 
36 0.72011 0,88908 0.68940 2.84688 1,83488 
37 1.77297 2.06160 1.71902 4.96616 3,52894 
38 4.18396 4,65478 3.12942 5.24417 3,78959 
39 1.09389 1.31148 0.85171 2.14450 1.30298 
205 
Region 
17 18 19 20 21 22 
0.41045 1.46711 2.34015 3.17724 0.54561 1.85929 
0.14315 0.71235 1.30016 1.90516 0.36361 1.43993 
0.10810 0.52960 1.02671 1.55680 0.19369 0.95985 
0.09743 0.40913 0.83662 1.30864 0.26046 1.16637 
0.10178 0.29651 0.64679 1.05378 0.12985 0.20878 
0.12925 0.65043 1.20909 1.79004 0.09934 0.13386 
0.12689 0.25139 0.17674 0.11408 0.17121 0.21318 
0.12184 0.26791 0.22154 0.14689 0.21599 0.19940 
0.09752 0.41177 0.10877 0.10228 0.09993 0.10231 
0.20001 0.91607 0.46589 0.80069 0.11341 0.19231 
0.13359 0.67066 0.31552 0.57694 0.11619 0.36725 
0.10491 0.61998 0.13046 0.09708 0.16653 0.23936 
0.12701 -0.77390 0.10976 0.10156 0.13739 0.20794 
0.27714 0.10329 0.27567 0.22036 0.26464 0.17914 
0.25006 0.22428 0.15408 0.10300 0.11273 0.15652 
0.25203 0.19614 0.25201 0.17874 0.20021 0.09722 
0.0 0.15225 0.27658 0.24397 0.26069 0.12488 
0.15225 0.0 0.09729 0.12701 0.10257 0.37834 
0.27658 0.09729 0.0 0.26303 0.27068 0.14445 
0.24397 0.12701 0.26303 0.0 0.22036 0.11502 
0.26069 0.10257 0.27068 0.22036 0.0 • 0.21077 
0.12488 0.37834 0.14445 0.11502 0.21077 0.0 
0.10996 0.46012 0.10329 0.10810 0.14654 0.27231 
0.11619 1.59484 0.12887 0.24696 0.09701 0.23197 
0.50927 3.41766 0.57024 0.94820 0.33661 0.09744 
0.47906 3.31829 0.53756 0.90251 0.31443 0.09867 
0.10228 0.80487 0.10945 0.19647 0.09973 0.26523 
0.10128 0.54077 0.11185 0.09785 0.16499 0.27013 
0.13015 0.30908 0.16193 0.15555 0.26840 0.26069 
0.12404 0.33208 0.24257 0.23644 0.26337 0.18436 
0.30801 1.90871 0.13482 0.14223 0.10746 0.09759 
0.26322 2.33613 0.19788 0.21028 0.15652 0.19370 
1.35156 0.92290 3.32323 0.61295 0.47759 0.09899 
3.62154 2.81991 6.81822 2.17897 1.86982 0.41577 
5.56402 11.09045 5.81957 7.19688 4 . 74517 1.58530 
1.31148 5.30209 1.09644 1.14015 0.72205 0.13692 
2.73997 8.21976 2.40081 2.47070 1.77639 0.52171 
3.01174 14.47750 1.63994 1.69572 1.67921 1.28611 











































23 24 25 26 27 
0.57525 0.64137 1.80033 1.73242 0.85388 
0.27460 0.31336 1.11431 1.06371 0.44590 
0.14596 0.16591 0.71041 0.67252 0.24260 
0.19438 0.22267 0.88241 0.83877 0.32427 
0.15262 0.13937 0.14596 0.13692 0.11017 
0.16383 0.14973 0.13277 0.12521 0.11694 
0.20428 0.18882 0.10403 0.10103 0.14760 
0.17476 0.14619 0.13692 0.12887 0.12432 
0.10653 0.10092 0.25954 0.24174 0.09854 
0.17480 0.20001 0.81747 0.77593 0.29242 
0.33548 0.38083 1.26935 1.21450 0.61821 
0.26751 0.25754 0.10550 0.10916 0.19899 
0.24362 0.27395 0.12130 0.12689 0.16653 
0.11363 0.09724 0.34699 0.32427 0.10007 
0.19369 0.79860 2.09154 2.01720 0.38334 
0.09878 0.13482 0.59561 0.56194 0.15813 
0.10996 0.11619 0.50927 0.47906 0.10228 
0.46012 1.59484 3.41766 3.31829 0.80487 
0.10329 0.12887 0.57024 0.53756 0.10945 
0.10810 0.24696 0.94820 0.90251 0.19647 
0.14654 0.09701 0.33661 0.31443 0.09973 
0.27231 0.23197 0.09744 0.09867 0.26523 
0.0 0.27748 0.14071 0.14760 0.23919 
0.27748 0.0 0.24115 0.24808 0.26285 
0.14071 0.24115 0.0 0.10116 0.11525 
0.14760 0.24808 0.10116 0.0 0.11363 
0.23919 0.26285 0.11525 0.11363 0.0 
0.24570 0.14866 0.13399 0.12628 0.25390 
0.17794 0.10191 0.25228 0.23494 0.18801 
0.11142 0.11422 0.49855 0.46879 0.11719 
0.13566 0.32316 1.13756 1.08631 0.12592 
0.15444 0.09851 0.25588 0.26230 0.21197 
0.10116 0.12449 0.50466 0.51546 0.13386 
0.38840 0.13822 0.14515 0.10046 0.13237 
1.42796 1.02917 0.27847 0.51081 1.03406 
0.19231 0.58707 0.13237 0.25139 0.12015 
0.69509 1.53485 0.50618 0.84738 0.45439 
2.04675 3.52383 1.66277 2.33613 1.55051 
0.45582 0.91607 2.30020 2.22155 0.42114 
207 
Region 
28 29 30 31 32 33 
2.69177 1.07623 1.39533 3,42769 4.50637 3.43776 
2.16361 0.59390 1.04635 2,38861 3.78428 2.39675 
1.53797 0.33775 0.65957 1,72235 2.89668 1.72905 
1.81065 0.44311 0.82383 2.01353 3.28882 2.02089 
0.43201 0.09735 0.12849 0.61998 1.12978 0,54077 
0.09694 0.14223 0.30379 1.00974 0.23662 0,49400 
0.13261 0.11844 0.10018 0.35523 0.11858 0,35761 
0.12265 0.11058 0.09953 0.39737 0.13040 0.45297 
0.11534 0.13237 0.20803 0.95518 0.37834 0.84954 
0.40125 0.47025 0.39479 2.08402 1.07121 0.11707 
0.69699 0.38083 0.40780 1.84532 1.59804 1.91228 
0.15592 0,10819 0.10171 0.41310 0.11562 2.86491 
0.12865 0.09791 0.12015 0.53118 0.14643 0,22588 
0.13707 0.13482 0.12835 0.29242 0.14789 0,30066 
0.23410 0.14740 0.15813 1.03652 0.92975 0,88464 
0.10624 0.09809 0.09713 0.52644 0.45868 2,20988 
0.10128 0.13015 0.12404 0.30801 0.26322 1,35156 
0.54077 0.30908 0,33208 1.90871 2.33613 0,92290 
0.11185 0.16193 0.24257 0.13482 0.19788 3,32323 
0.09785 0.15555 0.23644 0.14223 0.21028 0,61295 
0.16499 0.26840 0.26337 0.10746 0,15652 0.47759 
0.27013 0.26069 0.18436 0.09759 0.19370 0.09899 
0.24570 0.17794 0.11142 0.13566 0.15444 0,10116 
0.14866 0.10191 0.11422 0.32316 0.09851 0,12449 
0.13399 0.25228 0.49855 1.13756 0.25588 0,50466 
0.12628 0.23494 0.46879 1.08631 0.26230 0,51546 
0.25390 0.18801 0.11719 0.12592 0.21197 0,13386 
0.0 0.25561 0.26258 0.14274 0.11099 0,13822 
0.25561 0.0 0.26816 0,16847 0.12895 0,11368 
0.26258 0.26816 0.0 0,14654 0.11340 0,13359 
0.14274 0,16847 0.14654 0,0 0.21917 0,10762 
0.11099 0.12895 0.11340 0,21917 0.0 0,27365 
0.13822 0.11368 0.13359 0,10762 0.27365 0,0 
0.84308 0.70081 0.81959 0,33775 0,09908 0,19410 
2.69177 2.39675 2.64406 1,53797 0,42383 0,23494 
0.32206 0,25228 0.31014 0.11478 0,19288 0,19410 
1.00974 0.84954 0.98340 0.42928 0,09752 0,09739 
0.76982 0.63597 0.74767 0.09779 1,18494 1,17696 
0.11015 0.09888 0,10767 0.26818 0,10286 0,16085 
Table B.2. (Continued) 
Region 
Region 34 35 36 37 38 
1 5.17386 11.31775 8.58929 12.33641 18.65387 
2 3.83228 9.16977 7.53190 11.03158 16.99953 
3 2.93780 7.65878 6.18701 9.34720 14.83382 
4 3.33310 8.33631 6.78842 10.10431 15.81194 
5 1.19027 4.34343 3.23032 5.49127 9.68972 
6 1.11176 4.17269 1.22806 2.60970 5.51766 
7 0.87137 3.62672 0.73973 1.80721 4.24051 
8 1.13756 4.01688 0.80906 1.92653 4.43611 
9 1.67921 5.34740 1.63345 3.23032 6.45839 
10 3.18685 8.08767 3.10567 5.32149 9.45461 
11 4.58914 10.16033 4.07215 6.61858 11.22849 
12 0.52644 2.97927 0.72011 1.77297 4.18396 
13 0.42114 3.36776 0.88908 2.06160 4.65478 
14 1.96976 5.45181 0.68940 1.71902 3.12942 
15 2.74437 8.76031 2.84688 4.96616 5.24417 
16 5.07882 6.72905 1.83488 3.52894 3.78959 
17 3.62154 5.56402 1.31148 2.73997 3.01174 
18 2.81991 11.09045 5.30209 8.21976 14.47750 
19 6.81822 5.81957 1.09644 2.40081 1.63994 
20 2.17897 7.19688 1.14015 2.47070 1.69572 
21 1.86982 4.74517 0.72205 1.77639 1.67921 
22 0.41577 1.58530 0.13692 0.52171 1.28611 
23 0.38840 1.42796 0.19231 0.69509 2.04675 
24 0.13822 1.02917 0.58707 1.53485 3.52383 
25 0.14515 0.27847 0.13237 0.50618 1.62277 
26 0.10046 0.51081 0.25139 0.84738 2.33613 
27 0.13237 1.03406 0.12015 0.45439 1.55051 
28 0.84308 2.69177 0.32206 1.00974 0.76982 
29 0.70081 2.39675 0.25228 0.84954 0.63597 
30 0.81959 2.64406 0.31014 0.98340 0.74767 
31 0.33775 1.53797 0.11478 0.42928 0.09779 
32 0.09908 0.42383 0.19288 0.09752 1.18494 
33 0.19410 0.23494 0.19410 0.09739 1.17696 
34 0.0 0.16193 0.24570 0.12460 0.71041 
35 0.16193 0.0 0.09874 0.23494 0.10516 
36 0.24570 0.09874 0.0 0.25754 0.10003 
37 0.12460 0.23494 0.25754 0.0 0.20631 
38 0.71041 0.10516 0.10003 0.20631 0.0 
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Table B.3. Transportation cost in cents per pound for shipping by railroads 
barley between cities representing regions 
Region 
Region 12 3 4 5 
1 0.0 0.21168 0,26308 0.29831 0,66648 
2 0.21168 0.0 0,19430 0.19713 0,38053 
3 0.26308 0.19430 0,0 0.13299 0,27273 
4 0.29831 0.19713 0.13299 0.0 0,31234 
5 0.66648 0.38053 0,27273 0.31234 0,0 
6 1.06990 0.60516 0,39001 0.47457 0,19868 
7 1.04213 0.58851 0.38053 0.46199 0,19430 
8 1.06990 0.77958 0.49487 0.60979 0,21137 
9 0.80139 0,37801 0.30675 0.26889 0,18727 
10 0.40920 0.24241 0,21440 0,18292 0,32365 
11 0.64647 0.31758 0,26814 0,24186 0,49000 
12 1.58150 0.93217 0,59300 0,73198 0,23489 
13 1.87488 1.13251 0,72829 0,89623 0,25832 
14 2.10231 1.08272 0,84032 0.68188 0,26521 
15 1.06990 0.49981 0,39001 0.32742 0,81758 
16 1.87872 0.94596 0,73014 0,59150 0.46537 
17 2.59165 1.39552 1,09826 0,89845 0.70651 
18 5.63549 3.57551 3,00073 2,58689 2,15665 
19 7.73929 5.20708 4,47732 3,94231 3,37500 
20 9.62130 6.71476 5,86127 5,22912 4,55137 
21 3.50325 2.41953 1.68970 2,00441 0,51240 
22 6.60431 5.56649 4,29217 4,85494 1,76586 
23 3.14927 2,06524 1,41432 1,69327 0,43396 
24 3.35816 2.22481 1,53762 1,83300 0,47573 
25 6.46150 4.71549 3,56967 4,07374 1,41432 
26 6.29586 4.57847 3,45434 3,94851 1,35237 
27 3.99208 2,71720 1.92521 2,26812 0,62230 
28 8.54199 7,32820 5.81413 6,48656 2,66845 
29 4.61250 3,20887 2.32083 2,70741 0,89403 
30 5.45262 4,53110 3.41452 3,90525 1,28950 
31 10.16720 7,85113 6.27122 6,97381 3.29128 
32 12.45289 10,93360 9.00123 9,86535 4.75707 
33 10.18898 7,86985 6.28763 6,99128 3 . 03 74 5 
34 13,82533 11,03595 9.09272 9.96180 4.91852 
35 25.64503 21,63330 18.74530 20,04819 12.11349 
36 20.53120 18,49979 15.86252 17,05019 9.73757 
37 27.51672 25.11589 21,96854 23,39064 14.46902 
38 38.81108 35.89674 32.03880 33,78769 22,61345 
39 14.45573 11.59096 9.58972 10,48542 5,63549 
211 
Region 
6 7 8 9 10 11 
1.06990 1.04213 1.06990 0.80139 0.40920 0.64647 
0.60516 0.58851 0.77958 0.37801 , 0.24241 0.31758 
0.39001 0.38053 0.49487 0.30675 0.21440 0.26814 
0.47457 0.46199 0.60979 0.26889 0.18292 0.24186 
0.19868 0.19430 0.21137 0.18727 0.32365 0.49000 
0.0 0.24955 0.29140 0.24606 0.49733 0.79339 
0.24955 0.0 0.15629 0.24296 0.48399 0.77178 
0.29140 0.15629 0.0 0.23807 0.46311 0.77568 
0.24606 0.24296 0.23807 0.0 0.25136 0.33726 
0.49633 0.48399 0.46311 0.25136 0.0 0.19633 
0.79339 0.77178 0.77568 0.33726 0.19633 0.0 
0.22706 0.19553 0.22967 0.29140 0.67843 1.07246 
0.24896 0.22173 0.25196 0.33793 0.83199 1.29539 
0.42681 0.23071 0.19713 0.30951 0.46199 0.47340 
1.29244 1.26033 1.26613 0.54008 0.25604 0.20311 
0.87220 0.35580 0.28904 0.59451 0.87437 0.89623 
1.29539 0.52537 0.54968 0.90288 1.72206 1.32816 
3.38627 1.96454 2.03669 2.59640 4.16924 3.44862 
4.96831 0.37551 0.30140 0.63347 2.78640 2.23343 
6.43649 0.59451 0.45093 1.01738 3.83785 3.15465 
0.95990 0.38739 0.30896 0.73569 1.15671 1.18405 
0.49610 0.31291 0.33391 0.69939 1.68257 2.43321 
0.40450 0.32615 0.37968 0.65307 1.58833 2.31200 
0.44233 0.35209 0.45311 0.71914 1.72206 2.48376 
1.32216 1.04463 1.35237 2.00040 3.88680 5.12673 
1.26323 0.99551 1.29244 1.92130 3.76516 4.98259 
0.57670 0.44875 0.53737 0.93904 2.13984 3.28574 
0.84662 0.50105 0.54554 1.17579 2.55849 3.52904 
1.38930 0.56801 0.61915 1.31916 2.80138 2.48376 
2.18630 0.97876 0.74316 1.76218 2.53498 2.58214 
4.43059 2.38783 2.54437 4.27913 7.14086 6.57053 
1.89799 1.20628 1.30427 2.47451 4.59888 5.96420 
2.88211 2.39687 2.74178 3.97960 1.19235 6.73185 
4.70858 4.04221 4.77793 6.16516 9.64237 12.62458 
11.75578 10.59645 11.42746 14.17798 19.57159 23.49538 
5.01837 3.65773 3.86228 6.05214 9.46405 11.54412 
8.35638 6.47822 6.76612 9.73757 14.12542 16.71623 
14.52231 11.89813 12.30678 16.40025 22.17107 25.48015 
7.18521 4.35116 4.57847 6.98255 10.69697 9.97256 
Table B.3. (Continued) 
Region 








































1. 87488 2. 10231 
1. 13251 1. 08272 
0. 72829 0. 84032 
0. 89623 0. 68188 
0. 25832 0. 26521 
0. 24896 0. 42681 
0. 22173 0. 23071 
0. 25196 0. 19713 
0. 33793 0. 30951 
0. 83199 0. 46199 
1. 29539 0. 47340 
0. 13107 0. 29284 
0. 0 0. 33998 
0. 33998 0. 0 
2. 20336 0. 32552 
0. 62072 0. 22758 
1. 27777 0. 22993 
3. 75914 0. 68709 
0. 62547 0. 23411 
1. 00518 0. 30298 
0. 48280 0. 25045 
0. 32058 0. 37061 
0. 27432 0. 59753 
0. 23754 0. 88744 
0. 55246 2. 35641 
0. 52537 2. 26812 
0. 39806 0. 97639 
0. 51754 0. 48399 
0. 78351 0. 49243 
1. 22033 0. 51884 
3. 00596 2. 13984 
1. 41747 1. 42695 
1. 84815 2. 17356 
2. 62987 6. 86950 
10. 03719 14. 38931 
4. 09274 3. 50596 
7. 08785 6. 26303 
12. 76044 9. 51628 
5. 23647 . 3. 98583 
1. 06990 1. 87872 
0. 49981 0. 94596 
0. 39001 0. 73014 
0. 32742 0. 59150 
0. 81758 0. 46537 
1. 29244 0. 87220 
1. 26033 0. 35580 
1. 26613 0. 28904 
0. 54008 0. 59451 
0. 25604 0. 87437 
0. 20311 0. 89623 
1. 87488 0. 50606 
2. 20336 0. 62072 
0. 32552 0. 22758 
0. 0 0. 21898 
0. 21898 0. 0 
0. 26703 0. 18819 
0. 29780 0. 33930 
0. 42985 0. 26485 
0. 69058 0. 37142 
0. 60363 0. 33259 
1. 48154 0. 81351 
1. 68970 0. 94596 
3. 83177 1. 33720 
7. 15858 3. 21431 
6. 98255 3. 10637 
2. 49302 1. 49133 
1. 88642 1. 07502 
1. 42378 0. 77762 
1. 49133 0. 81963 
4. 50416 2. 99029 
4. 20782 2. 76156 
4. 08007 7. 43655 
8. 66045 13. 63161 
20. 85681 16. 93361 
8. 89014 6. 54529 
13. 40120 10. 38607 
13. 96838 10. 94495 
7. 28334 5. 21442 
213 
Region 
17 18 19 20 21 22 
2.59165 5.63549 7.73929 9.62130 3.05325 6.60431 
1.39552 3.57551 5.20708 6.71476 2.41953 5.56649 
1.09826 3.00073 4.47732 5.86127 1.68970 4.29217 
0.89845 2.58689 3.94231 5.22912 2.00441 4.85494 
0.70651 2.15665 3.37500 4.55137 0.51240 1.76586 
1.29539 3.38627 4.96831 6.43649 0.95990 0.49610 
0.52537 1.96454 0.37551 0.59451 0.38739 0.31291 
0.54968 2.03669 0.30140 0.45093 0.30896 0.33391 
0.90288 2.59640 0.63347 1.01738 0.73569 0.69939 
1.72206 4.16924 2.78640 3.83785 1.15671 1.68257 
1.32816 3.44862 2.23343 3.15465 1.18405 2.43321 
1.05721 3.29128 0.50985 0.82373 0.39806 0.27925 
1.27777 3.75914 0.62547 1.00518 0.48280 0.32058 
0.22993 0.68709 0.23411 0.30298 0.25045 0.37061 
0.26703 0.29780 0.42985 0.69058 0.60363 1.48154 
0.18819 0.33930 0.26485 0.37142 0.33259 0.81351 
0.0 0.43499 0.21729 0.27392 0.25508 0.53468 
0.43499 0.0 0.80946 1.27777 1.02229 2.47451 
0.21799 0.80946 0.0 0.19830 0.24268 0.45863 
0.27392 1.27777 0.19830 0.0 0.30298 0.58851 
0.25508 1.02229 0.24268 0.30298 0.0 0.31640 
0.53468 2.47451 0.45863 0.58851 0.31640 0.0 
0.62389 2.76652 0.68709 1.09826 0.45202 0.20917 
1.18405 5.95626 1.29244 1.94481 0.86789 0.28811 
2.93330 10.14547 3.13313 4.25961 2.31640 0.80139 
2.83148 9.92959 3.02692 4.13088 2.22912 0.76214 
1.01738 3.85005 1.11396 1.70403 0.73942 0.20057 
0.71370 3.03745 0.60979 0.78548 0.40172 0.20622 
0.51112 2.20764 0.40920 0.42581 0.24577 0.25508 
0.53872 2.29877 0.27553 0.28270 0.25196 0.36036 
2.20336 6.72330 1.33720 1.38930 1.09046 0.79539 
2.01647 7.73001 1.71122 1.77324 1.48154 0.34346 
5.34019 4.18852 9.94031 3.26918 2.82644 0.75449 
10.58531 8.82988 17.10866 7.36421 6.62970 2.61071 
14.61582 25.22490 15.12938 17.84897 12.94705 5.93241 
5.23647 14.08605 4.66725 4.78491 3.60475 1.35237 
8.65054 19.82497 7.87924 8.03964 6.40324 2.97469 
9.25669 31.39874 6.06820 6.20582 6.16516 5.17045 
4.08007 10.16720 2.74178 2.35194 2.32969 1.80295 
Table B.3. (Continued) 
Region 
























































































































28 29 30 31 32 33 
8.54199 4,61250 5,45262 10,16720 12.45289 10.18898 
7.32820 3.20887 4,53110 7,85113 10,93360 7.86985 
5.81413 2.32083 3,41452 6,27122 9.00123 6.28763 
6.48656 2.70741 3,90525 6.97381 9.86535 6.99128 
2.66845 0.89403 1,28950 3.29128 4.75707 3.03745 
0.84662 1.38930 2,18630 4.43059 1.89799 2.88211 
0.50105 0,56801 0,97876 2,38783 1.20628 2.39687 
0.54554 0,61915 0,74316 2,54437 1.30427 2.74178 
1,17579 1.31916 1,76218 4,27913 2.47451 3.97960 
2.55849 2.80138 2,53498 7.14086 4.59888 1,19235 
3,52904 2,48376 2,58214 6.57053 5.96420 6,73185 
0.42480 0,63831 1,00761 2,60116 1.17854 8,93044 
0,51754 0,78351 1,22033 3,00596 1.41747 1,84815 
0.48399 0.49243 0,51884 2,13984 1.42695 2,17356 
1.88642 1.42378 1,49133 4,50416 4.20782 4,08007 
1.07502 0.77762 0,81963 2,99029 2.76156 7,43655 
0,71370 0.51112 0,53872 2,20336 2.01647 5.34019 
3,03745 2.20764 2,29877 6,72330 7,73001 4.18852 
0,60979 0.40920 0,27553 1,33720 1,71122 9.94031 
0,78548 0.52481 0.28270 1,38930 1,77324 3.26918 
0,40172 0.24577 0.25196 1,09046 1,48154 2.82644 
0,20622 0.25508 0.36036 0,79539 0,34346 0.75449 
0,27195 0,37305 0,61289 1,34325 0,42884 0.71551 
0.44553 0,70473 1,16486 2,26377 0.76598 1.25744 
1,33117 1,96850 2,89741 4,77793 1.98440 2.91789 
1,27194 1,89027 2.79638 4,63982 2.01245 2.95394 
0,26273 0,35356 0,57525 1,26903 0,31464 0.49610 
0,0 0,19133 0,25289 0,46424 0,61601 1.36154 
0,19133 0.0 0,20381 0,39356 0,51625 1.15942 
0,25289 0,20381 0,0 0,45202 0.59905 1.32816 
0.46424 0,39356 0,45202 0,0 0,30458 0.64320 
0,61601 0,51625 0,59905 0.30458 0.0 0.23807 
1,36154 1,15942 1,32816 0,64320 0,23807 0,0 
3,96094 3,54063 3,89294 2,32083 0,75259 0,34276 
8,54199 7.86985 8,43426 5,81413 2,63948 1,89027 
2,25941 1,96850 2,21192 1,17031 0.34487 0,34276 
4,43059 3,97960 4,35776 2.65877 0.90288 0,89623 
3,74712 3,34134 3,68145 0,91406 4.90435 4,88314 
1,12189 0.94827 1,09306 0,24606 0.69233 1.50774 
Table B.3. (Continued) 
Region 
egion 34 35 36 37 38 
1 13.82533 25.64503 20.53120 27.51672 38.81108 
2 11.03595 21.63330 18.49979 25.11589 35.89674 
3 9.09272 18.74530 15.86252 21.96854 32.03880 
4 9.96180 20.04819 17.05019 23.39064 33.78769 
5 4.91852 12.11349 9.73757 14.46902 22.61345 
6 4.70858 11.75578 5.01837 8.35638 14.52231 
7 4.04221 10.59645 3.65773 6.47822 11.89813 
8 4.77793 11.42746 3.86228 6.76612 12.30678 
9 6.16516 14.17798 6.05214 9.73757 16.40025 
10 9.64237 19.57159 9.46405 14.12542 22.17107 
11 12.62458 23.49538 11.54412 16.71623 25.48015 
12 2.99029 9.18474 3.59888 6.39493 11.77944 
13 2.62987 10.03719 4.09274 7.08785 12.76044 
14 6.86950 14.38931 3.50596 6.26303 9.51628 
15 8.66045 20.85681 8.89014 13.40120 13.96838 
16 13.63161 16.93361 6.54529 10.38607 10.94495 
17 10.58531 14.61582 5.23647 8.65054 9.25669 
18 8.82988 25.22490 14.08605 19.82497 31.39874 
19 17.10866 15.12938 4.66725 7.87924 6.06820 
20 7.36421 17.84897 4.78491 8.03964 6.20582 
21 6.62970 12.94705 3.60475 6.40324 6.16 516 
22 2.61071 5.93241 1.35237 2.97469 5.17045 
23 2.51161 5.53599 1.68257 3.52325 7.05265 
24 1.36154 4.48403 3.18711 5.80629 10.37504 
25 0.45641 2.08165 1.31916 2.92302 6.12465 
26 0.72646 2.93846 1.96454 3.97337 7.73001 
27 1.31916 4.49744 1.22033 2.74672 5.84552 
28 3.96094 8.54199 2.25941 4.43059 3.74712 
29 3.54063 7.86985 1.96850 3.97960 3.34134 
30 3.89294 8.43426 2.21192 4.35776 3.68145 
31 2.32083 5.81413 1.17031 2.65877 0.91406 
32 0.75259 2.63948 0.34487 0.90288 4.90435 
33 0.34276 1.89027 0.34276 0.89623 4.88314 
34 0.0 0.40920 0.27195 0.53602 3.56967 
35 0.40920 0.0 0.76021 1.89027 0.66648 
36 0.27195 0.76021 0.0 0.25865 0.73384 
37 0.53602 1.89027 0.25865 0.0 0.32303 
38 3.56967 0.66648 0.73384 0.32303 0.0 



















































































Transportation cost in cents per pound for shipping by railroads 












































































































































































































6 7 8 9 10 11 
0.66271 0.65211 0.66271 0.55940 0.39678 0.49825 
0.48154 0.47474 0.55089 0.38147 0.28067 0.34778 
0.38747 0.38274 0.43545 0.34076 0.23522 0.31036 
0.42659 0.42103 0.48342 0.31107 0.18533 0.27990 
0.20910 0.20223 0.23004 0.19164 0.35154 0.43333 
0.0 0.29012 0.32990 0.28563 0.43651 0.55628 
0.29012 0.0 0.15009 0.28144 0.43072 0.54784 
0.32990 0.15009 0.0 • 0.27441 0.42153 0.54936 
0.28563 0.28144 0.27441 0.0 0.29234 0.35958 
0.43651 0.43072 0.42153 0.29234 0.0 0.20540 
0.55628 0.54784 0.54936 0.35958 0.20540 0.0 
0.25691 0.20414 0.26124 0.32990 0.51102 0.66368 
0.28937 0.24786 0.29307 0.35990 0.57130 0.74844 
0.40506 0.26294 0.20664 0.34259 0.42103 0.42608 
0.74733 0.73514 0.73734 0.45467 0.29782 0.21623 
0.58687 0.36988 0.32811 0.47720 0.58770 0.59614 
0.74844 0.44848 0.45869 0.59870 0.91003 0.76087 
1.54394 1.00189 1.02924 1.24196 1.84534 1.56787 
2.15487 0.38020 0.33711 0.49301 1.31440 1.10390 
2.72800 0.47720 0.41608 0.64265 1.71754 1.45517 
0.62063 0.38617 0.34222 0.53369 0.69577 0.70617 
0.43598 0.34481 0.35764 0.51935 0.89508 1.17983 
0.39453 0.35305 0.38231 0.50089 0.85941 1.13375 
0.41219 0.36787 0.41706 0.52716 0.91003 1.19907 
0.75859 0.65306 0.77005 1.01548 1.73639 2.21645 
0.73624 0.63428 0.74733 0.98550 1.68954 2.16041 
0.46989 0.41510 0.45354 0.61262 1.06837 1.50539 
0.57697 0.43811 0.45696 0.70303 1.22752 1.59875 
0.78404 0.46631 0.48722 0.75746 1.32012 1.19907 
1.08601 0.62786 0.53662 0.92523 1.21857 1.236 53 
1.94637 1.16258 1.22214 1.88780 3.00473 2.78058 
0.97667 0.71452 0.75181 1.19555 2.01153 2.54307 
1.35094 1.16601 1.29738 1.77216 0.70932 2.84391 
2.05406 1.79631 2.08096 2.62169 3.99511 5.18829 
4.83948 4.37552 4.70790 5.81411 8.00501 9.61284 
2.17433 1.64821 1.72694 2.57746 3.92415 4.75463 
3.48459 2.74436 2.85737 4.03301 5.79289 6.84200 
5.95320 4.89656 5.06058 6.71372 9.06904 10.42978 
3.02218 1.91565 2.00363 2.94244 4.41567 4.12661 
Table B.4, (Continued) 
Region 
Region 12 13 14 15 16 
1 0,85682 0,96791 1,05413 0,66271 0,96936 
2 0.60998 0,68657 0,66760 0,43757 0,61527 
3 0.47658 0,53077 0,57453 0,38747 0,53150 
4 0.53223 0,59614 0.51240 0,35381 0,47597 
5 0.26959 0,30035 0,30751 0,56570 0,42254 
6 0.25691 0,28937 0,40506 0,74733 0,58687 
7 0.20414 0,24786 0,26294 0,73514 0,36988 
8 0.26124 0,29307 0,20664 0,73734 0,32811 
9 0.32990 0,35997 0,34259 0,45467 0,47720 
10 0.51102 0,57130 0,42103 0,29782 0,58770 
11 0.66368 0,74844 0,42608 0,21623 0,59614 
12 0.0 0,12076 0,33098 0,96791 0,44026 
13 0.12076 0,0 0,36114 1,09248 0,48786 
14 0,33098 0,36114 0,0 0.35267 0,25778 
15 0.96791 1,09248 0,35267 0.0 0,24312 
16 0,44026 0.48786 0,25778 0.24312 0,0 
17 0,65786 0.74176 0,26167 0.30929 0,19300 
18 1,50751 1.68723 0,51447 0,33458 0,36075 
19 0,44188 0.48978 0,26836 0,40647 0.30716 
20 0,56809 0.63798 0,33820 0,51586 0.37810 
21 0,39142 0.43020 0,29123 0,48092 0.35687 
22 0,32029 0,34965 0,37768 0,81898 0.56412 
23 0,28676 0,31603 0,47843 0,89778 0.61527 
24 0,30071 0,27362 0,59275 1,71519 0.76430 
25 0,50491 0,45985 1,15063 3,01170 1,47802 
26 0,49171 0,44848 1,11708 2,94244 1,43668 
27 0,35803 0,39142 0,62695 1,20259 0,82268 
28 0,40413 0,44516 0,43072 0,97228 0,66466 
29 0,49496 0,55242 0,43439 0,79711 0,55013 
30 0,63891 0,71996 0,44571 0,82268 0,56650 
31 1,24377 1,39827 1,06837 1,97485 1,39228 
32 0,70408 0,79471 0,79830 1,86025 1,30492 
33 3,71215 0,95779 1,08117 1,81092 3,12120 
34 1,39228 1,25471 2,89799 3,60505 5,59370 
35 3,81313 4,15237 5,89947 8.53050 6,93030 
36 1,62559 1,81581 1,58988 3,69615 2,77067 
37 2,71171 2,98387 2,66002 5,50083 4,29152 
38 4,84896 5,24292 3.94494 5,72953 4,51480 
39 2.03537 2,25915 1.77456 3,06083 2,25056 
221 
Region 
17 18 19 20 21 22 
1.24015 2.41466 3.24063 3.98672 1.41636 2.79383 
0.78640 1.61660 2.24771 2.83720 1.17463 2.38774 
0.67352 1.39627 1.96446 2.50283 0.89778 1.89284 
0.59699 1.23834 1.75778 2.25629 1.01700 2.11085 
0.52217 1.07475 1.53961 1.99313 0.44297 0.92662 
0.74844 1.54394 2.15487 2.72800 0.62063 0.43598 
0.44848 1.00189 0.38020 0.47720 0.38617 0.34481 
0.45869 1.02924 0.33711 0.41608 0.34222 0.35764 
0.59870 1.24196 0.49301 0.64265 0.53369 0.51935 
0.91003 1.84534 1.31440 1.71754 0.69577 0.89508 
0.76087 1.56787 1.10390 1.45517 0.70617 1.17983 
0.65786 1.50751 0.44188 0.56809 0.39142 0.32029 
0.74176 1.68723 0.48978 0.63798 0.43020 0.34965 
0.26167 0.51447 0.26836 0.33820 0.29123 0.37768 
0.30929 0.33458 0.40647 0.51586 0.48092 0.81898 
0.19300 0.36075 0.30716 0.37810 0.35687 0.56412 
0.0 0.40884 0.24021 0.31568 0.29673 0.45241 
0.40884 0.0 0.56254 0.74176 0.64453 1.19555 
0.24021 0.56254 0.0 0.20849 0.28106 0.41954 
0.31568 0.74176 0.20849 0.0 0.33820 0.47474 
0.29673 0.64453 0.28106 0.33820 0.0 0.34703 
0.45241 1.19555 0.41954 0.47474 0.34703 0.0 
0.48914 1.30682 0.51447 0.67352 0.41657 0.22631 
0.70617 2.53995 0.74733 0.99441 0.58520 0.32740 
1.37050 4.19554 1.44693 1.88025 1.13542 0.55940 
1.33161 4.10949 1.40629 1.83053 1.10226 0.54407 
0.64265 1.72224 0.67950 0.90321 0.53515 0.21211 
0.52502 1.41031 0.48342 0.55319 0.39319 0.22136 
0.44243 1.09411 0.39678 0.40459 0.28525 0.29673 
0.45411 1.12872 0.31710 0.32313 0.29307 0.37232 
1.09248 2.84055 0.76430 0.78404 0.67055 0.55706 
1.02158 3.23696 0.90593 0.92941 0.81898 0.36310 
2.29953 1.85278 4.11376 1.49903 1.32969 0.54107 
4.37108 3.67225 7.00144 3.09269 2.80380 1.24741 
5.99098 10.32460 6.19868 7.30258 5.31799 2.53064 
2.25915 5.77702 2.03804 2.08367 1.62784 0.77005 
3.60113 8.10851 3,29590 3.35928 2.71496 1.38631 
3.84172 12.87821 2.58374 2.63761 2.62169 2.23346 
1.81092 4.20421 1.29738 1.14893 1.14047 0.94066 
Table B.4, (Continued) 
Region 
Region 23 24 25 26 27 
1 1.45310 1.53315 2,73781 2,67288 1.77697 
2 1.04007 1.10063 2,05674 2,00363 1.28800 
3 0.79352 0.84021 1,61436 1,57006 0.98698 
4 0.89914 0,95205 1,80848 1.76017 1.11708 
5 0.40836 0,42711 0,79352 0.77005 0.48850 
6 0.39453 0,41219 0,75859 0,73624 0.46989 
7 0.35305 0,36787 0,65306 0,63428 0.41510 
8 0.38231 0,41706 0,77005 0,74733 0.45354 
9 0.50089 0,52716 1,01548 0,98550 0.61262 
10 0,85941 0,91003 1,73639 1,68954 1.06837 
11 1.13375 1,19907 2.21645 2.16041 1.50539 
12 0,28676 0,30071 0.50491 0.49171 0.35803 
13 0.31603 0,27362 0.45985 0.44848 0.39142 
14 0.47843 0,59275 1,15063 1.11708 0.62695 
15 0.89778 1,71519 3.01170 2,94244 1.20259 
16 0.61527 0,76430 1,47802 1,43668 0.82268 
17 0.48914 0,70617 1,37050 1.33161 0,64265 
18 1.30682 2,53995 4,19554 4.10949 1.72224 
19 0.51447 0,74733 1,44693 1.40629 0.67950 
20 0.67352 0,99441 1.88025 1,83053 0.90321 
21 0.41657 0,58520 1.13542 1,10226 0.53515 
22 0.22631 0,32740 0.55940 0,54407 0.21211 
23 0.0 0,24598 0,42507 0,41510 0.17799 
24 0.24598 0,0 0,31852 0,31142 0.29381 
25 0.42507 0,31852 0,0 0.52573 0,47413 
26 0.41510 0,31142 0,52573 0,0 0,47843 
27 0.17799 0,29381 0,47413 0,47843 0,0 
28 0.31391 0,41364 0,76201 0,73955 0,30502 
29 0.37894 0.52147 1,00339 0,97374 0,36867 
30 0.48469 0.69887 1,35678 1.31821 0,46929 
31 0.76659 1.11543 2,08096 2.02740 0,73844 
32 0.40600 0.54557 1,00942 1.02005 0.34592 
33 0.52573 0.73405 1,36461 1.37839 0.43598 
34 1.20967 0,77352 0,41854 0.53005 0.75746 
35 2.37584 1,96705 1,04630 1,37247 1.97225 
36 0.89508 1,46760 0,75746 1,00189 0,71996 
37 1,59653 2,48134 1,36657 1,76976 1,29926 
38 2,97001 4,28713 2,60583 3.23696 2,49668 
39 1.30115 1,84534 3,20412 3.13193 1.25471 
223 
Region 











































































































































































































































Table B.4, (Continued) 
Region 
Region 34 35 36 37 38 
1 5.67181 10.49773 8.39726 11.27035 15.96592 
2 4.55119 8.84852 7.56769 10.27968 14.74944 
3 3.77658 7.66778 6.49561 8.98598 13.14395 
4 4.12232 8.19973 6.97767 9.56976 13.87103 
5 2.13553 4.98298 4.03301 5.93167 9.25055 
6 2.05406 4.83948 2.17433 3.48459 5.95320 
7 1.79631 4.37552 1.64821 2.74436 4.89656 
8 2.08096 4.70790 1.72694 2.85737 5.06058 
9 2.62169 5.81411 2.57746 4.03301 6.71372 
10 3.99511 8.00501 3.92415 5.79289 9.06904 
11 5.18829 9.61284 4.75463 6.84200 10.42978 
12 1.39228 3.81313 1.62559 2.71171 4.84896 
13 1.25471 4.15237 1.81581 2.98387 5.24292 
14 2.89799 5.89947 1.58988 2.66002 3.94494 
15 3.60505 8.53050 3.69615 5.50083 5.72953 
16 5.59370 6.93030 2.77067 4.29152 4.51480 
17 4.37108 5.99098 2.25915 3.60113 3.84172 
18 3.67225 10.32460 5.77702 8.10851 12.87821 
19 7.00144 6.19868 2.03804 3.29590 2.58374 
20 3.09269 7.30258 2.08367 3.35928 2.63761 
21 2.80380 5.31799 1.62784 2.71496 2.62169 
22 1.24741 2.53064 0.77005 1.38631 2.23346 
23 1.20967 2.37584 0.89508 1.59653 2.97001 
24 0.77352 1.96705 1.46760 2.48134 4.28713 
25 0.41854 1.04630 0.75746 1.36657 2.60583 
26 0.53005 1.37247 1.00189 1.76976 3.23696 
27 0.75746 1.97225 0.71996 1.29926 2.49668 
28 1.76496 3.55811 1.11377 1.94637 1.68260 
29 1.60320 3.29219 1.00339 1.77216 1.52671 
30 1.73876 3.51543 1.09573 1.91819 1.65733 
31 1.13711 2.48441 0.70095 1.26573 0.60301 
32 0.54033 1.25838 0.36389 0.59870 2.13002 
33 0.36271 0.97374 0.36271 0.59614 2.12179 
34 0.0 0.39678 0.31391 0.45297 1.61436 
35 0.39678 0.0 0.54331 0.97374 0.50626 
36 0.31391 0.54331 0.0 0.30071 0.53296 
37 0.45297 0.97374 0.30071 0.0 0.35116 
38 1.61436 0.50626 0.53296 0.35116 0.0 










































0 . 0  
TableB.5. Transportation cost in cents per pound for shipping by railroads 
wheat between cities representing regions 
Region 
Region 1 2 3 4 5 
1 0.0 0.25579 0.12999 0.11191 0.72912 
2 0.25579 0.0 0.28262 0.27975 0.18139 
3 0.12999 0.28262 0.0 0.25851 0.11981 
4 0.11191 0.27975 0.25851 0.0 0.11594 
5 0.72912 0.18139 0.11981 0.11594 0.0 
6 1.70039 0.59486 0.19436 0.33309 0.27794 
7 1.63036 0.55942 0.18139 0.31039 0.28262 
8 1.70039 0.98888 0.37090 0.60478 0.25647 
9 1.04039 0.17806 0.11378 0.12329 0.28758 
10 0.22254 0.17033 0.24956 0.28924 0.12226 
11 0.68473 0.11857 0.12405 0.17177 0.36171 
12 3.03525 1.35666 0.56893 0.87796 0.19123 
13 3.82626 1.85945 0.86944 1.26862 1.13691 
14 4.44777 1.73283 1.13331 0.76367 0.12732 
15 1.70039 0.38028 0.19436 0.12488 1.07890 
16 3.83670 1.39062 0.87369 0.56574 0.31645 
17 5.80295 2.54197 1.77224 1.27403 0.81950 
18 14.50315 8.57724 6.94996 5.78969 4.59716 
19 20.64154 13.26192 11.15706 9.62321 8.00780 
20 26.17537 17.64445 15.15870 13.32570 11.37002 
21 7.09799 5.32391 3.32537 4.17947 0.40454 
22 17.32214 14.30300 10.62526 12.24465 3.53075 
23 7.36894 4.34602 2.59148 3.33499 0.26209 
24 7.96004 4.78495 2.91821 3.71254 0.33523 
25 16.90565 11.84256 8.56066 9.99919 2.59148 
26 16.42297 11.44803 8.23291 9.64093 2.42864 
27 9.76549 6.15382 3.96324 4.90453 0.63183 
28 22.99786 19.43744 15.02174 16.97874 6.01746 
29 11.54595 7.53737 5.05028 6.12642 1.26324 
30 13.97290 11.31173 8.11991 9.51729 2.26439 
31 27.78606 20.96945 16.35124 18.40100 7.77054 
32 34.54991 30.05060 24.34869 26.89514 11.96240 
33 27.85030 21.02440 16.39902 18.45204 7.05341 
34 38.62419 30.35321 24.61801 27.17975 12.42808 
35 73.94458 61.92180 53.28569 57.17950 33.54372 
36 58.62407 52.55235 44.68567 48.22589 26.51826 
37 79.56224 72.35738 62.92538 67.18506 40.53778 
38 113.54262 104.76352 93.15259 98.41437 64.85669 
39 40.49820 31.99580 26.08231 28.72580 14.50315 
227 
Region 
6 7 8 9 10 11 
1.70039 1.63036 1.70039 1.04039 0.22254 0.68473 
0.59486 0.55942 0.98888 0.17806 0.17033 0.11857 
0.19436 0.18139 0.37090 0.11378 0.24956 0.12405 
0.33309 0.31039 0.60478 0.12329 0.28924 0.17177 
0.27794 0.28262 0.25647 0.28758 0.12226 0.36171 
0.0 0.15332 0.11183 0.16125 0.37556 1.02146 
0.15332 0.0 0.28181 0.16890 0.35047 0.97056 
0.11183 0.28181 0.0 0.18209 0.31240 0.97970 
0.16125 0.16890 0.18209 0.0 0.14954 0.13277 
0.37556 0.35047 0.31240 0.14954 0.0 0.28061 
1.02146 0.97056 0.97970 0.13277 0.28061 0.0 
0.21468 0.28144 0.20682 0.11183 0.75589 1.70686 
0.15460 0.23026 0.14831 0.13336 1.11333 2.27973 
0.25034 0.20368 0.27975 0.11476 0.31039 0.33097 
2.27205 2.18857 2.20362 0.45935 0.14071 0.27183 
1.21021 0.15118 0.11213 0.57213 1.21546 1.26862 
2.27973 0.42999 0.47879 1.28485 3.41251 2.36528 
8.03975 4.07051 4.26783 5.81622 10.27275 8.21671 
12.57181 0.17481 0.11239 0.65615 6.34766 4.80874 
16.83276 0.57213 0.29094 1.56823 9.32485 7.38414 
1.42511 0.19070 0.11455 0.88652 1.92132 1.99150 
0.37323 0.11620 0.12992 0.80328 3.30618 5.36187 
0.21542 0.12397 0.18027 0.69931 3.05351 5.02582 
0.27616 0.14716 0.29474 0.84840 3.41251 5.50238 
2.34957 1.63665 2.42864 4.16851 9.46460 13.02959 
2.19609 1.51358 2.27205 3.95261 9.11743 12.61304 
0.53459 0.28717 0.45390 1.37358 4.55090 7.75488 
1.14843 0.38265 0.47039 1.97029 5.71049 8.44512 
2.52560 0.51649 0.62499 2.34176 6.38965 5.50238 
4.67878 1.47188 0.90381 3.52081 5.64497 5.77644 
11.02275 5.23594 5.67113 10.58784 18.88934 17.22365 
3,88914 2.04873 2.30288 5.47668 11.50672 15.45788 
6.61627 5.26100 6.22266 9.72982 2.01284 17.69434 
11.82266 9.90895 12.02255 16.04243 26.23753 35.05916 
32.48390 29.05388 31.51173 39.67229 55.75470 67.49893 
12.71644 8.81129 9.39459 15.71358 25.71179 31.85709 
22.45244 16.95438 17.79434 26.51826 39.51605 47.23003 
40.69629 32.90556 34.11667 46.28802 63,53183 73.44992 











































12 13 14 15 16 
3.03525 3.82626 4.44777 1.70039 3.83670 
1.35666 1.85945 1.73283 0.38028 1.39062 
0.56893 0.86944 1.13331 0.19436 0.87369 
0.87796 1.26862 0.76367 0.12488 0.56574 
0.19123 0.13691 0.12732 1.07890 0.31645 
0.21468 0.15460 0.25034 2.27205 1.21021 
0.28144 0.23026 0.20368 2.18857 0.15118 
0.20682 0.14831 0.27975 2.20362 0.11213 
0.11183 0.13336 0.11476 0.45935 0.57213 
0.75589 1.11333 0.31039 0.14071 1.21546 
1.70686 2.27973 0.33097 0.27183 1.26862 
0.0 0.25611 0.11172 3.82626 0.39226 
0.25611 0.0 0.13520 4.72579 0.62840 
0.11172 0.13520 0.0 0.12353 0.21311 
3.82626 4.72579 0.12353 0.0 0.23786 
0.39226 0.62840 0.21311 0.23786 0.0 
1.66834 2.23388 0.20603 0.12524 0.28709 
7.77054 9.10027 0.77542 0.11186 0.13458 
0.39960 0.63871 0.19354 0.25531 0.12775 
1.09357 1.53772 0.11273 0.78331 0.16960 
0.20589 0.34827 0.15141 0.59157 0.12884 
0.11547 0.12031 0.16859 2.76920 1.06919 
0.15922 0.11858 0.57857 3.32537 1.39062 
0.13638 0.18360 1.24719 9.30746 2.38893 
0.72159 0.48447 5.14883 18.94118 7.55279 
0.64913 0.42999 4.90453 18.42651 7.24778 
0.13047 0.20589 1.46599 5.52815 2.79516 
0.24709 0.41457 0.35047 3.85762 1.71332 
0.66677 0.99813 0.36628 2.61645 0.98428 
1.54379 2.08499 0.41711 2.79516 1.08378 
5.82952 6.96468 4.55090 11.23425 6.92058 
1.97734 2.59978 2.62479 10.38334 6.27804 
24.14035 3.75366 4.64369 10.01730 19.75458 
6.92058 5.90966 18.09625 23.34613 38.04860 
24.88899 27.40225 40.30072 59.59811 47.87820 
8.64375 10.05356 8.37951 24.02177 17.14995 
16.71165 18.73436 16.32736 37.36415 28.43231 
32.55399 35.46219 25.86581 39.04935 30.08414 
11.68383 13.34700 9.74763 19.30615 13.28316 
229 
Region 
17 18 19 20 21 22 
5.80295 14.50315 20.64154 26.17537 7.09799 17.32214 
2.54197 8.57724 13.26192 17.64445 5.32391 14.30300 
1.77224 6.94996 11.15705 15.15870 3.32537 10.52525 
1.27403 5.78969 9.62321 13.32570 4.17947 12.24455 
0.81950 4.59716 8.00780 11.37002 0.40454 3.53075 
2.27973 8.03975 12.57181 15.83276 1.42511 0.37323 
0.42999 4.07051 0.17481 0.57213 0.19070 0.11620 
0.47879 4.26783 0.11239 0.29094 0.11455 0.12992 
1.28485 5.81622 0.65615 1.55823 0.88652 0.80328 
3.41251 10.27275 6.34756 9.32485 1.92132 3.30618 
2.36528 8.21671 4.80874 7.38414 1.99150 5.36187 
1.66834 7.77054 0.39950 1.09357 0.20589 0.11547 
2.23388 9.10027 0.63871 1.53772 0.34827 0.12031 
0.20603 0.77542 0.19354 0.11273 0.15141 0.16859 
0.12524 0.11186 0.25531 0.78331 0.59157 2.76920 
0.28709 0.13458 0.12775 0.15960 0.12884 1.06919 
0.0 0.26381 0.24333 0.11888 0.14240 0.44851 
0.26381 0.0 1.05954 2.23388 1.58054 5.47668 
0.24233 1.05954 0.0 0.27840 0.15951 0.30444 
0.11888 2.23388 0.27840 0.0 0.11273 0.55942 
0.14240 1.58054 0.16951 0.11273 0.0 0.11793 
0.44851 5.47668 0.30444 0.55942 0.11793 0.0 
0.63526 6.29194 0.77542 1.77224 0.29283 0.26107 
1.99150 15.43476 2.27205 4.01656 1.19977 0.11230 
6.76020 27.72188 7.32338 10.53184 5.03804 1.04039 
6.47411 27.08467 7.02376 10.16282 4.79684 0.94798 
1.56823 9.35967 1.81217 3.35394 0.89513 0.27551 
0.83594 7.05341 0.60478 1.00277 0.21127 0.26657 
0.40206 4.73761 0.22254 0.24871 0.16193 0.14240 
0.45662 4.98925 0.11772 0.11389 0.14831 0.15531 
4.72579 17.56937 2.38893 2.52550 1.75245 1.02618 
4.21248 20.61432 3.38331 3.55068 2.76920 0.13845 
13.64715 10.32795 27.11633 7.70797 6.45998 0.93014 
29.02098 23.84445 48.40031 19.54282 17.39622 5.85617 
40.97440 72.68423 42.50256 50.60924 36.01591 15.36548 
13.34700 39.39909 11.70360 12.04265 8.66041 2.42864 
23.31699 56.51210 21.05190 21.52242 15.73584 6.87652 
25.10089 91.22759 15.76033 16.15081 15.04243 13.15502 
10.01730 27.78606 6.22255 5.13646 5.07482 3.63109 
Table B.5. (Continued) 
Region 
Region 23 24 25 26 27 
1 7.36894 7.96004 16.90565 16.42297 9.76549 
2 4.34602 4.78495 11.84256 11.44803 6.15382 
3 2.59148 2.91821 8.56066 8.23291 3.96324 
4 3.33499 3.71254 9.99919 9.64093 4.90453 
5 0.26209 0.33523 2.59148 2.42864 0.63183 
6 0.21542 0.27616 2.34957 2.19609 0.53459 
7 0.12397 0.14716 1.63665 1.51358 0.28717 
8 0.18027 0.29474 2.42864 2.27205 0.45390 
9 0.69931 0.84840 4.16851 3.95261 1.37358 
10 3.05351 3.41251 9.46460 9.11743 4.55090 
11 5.02582 5.50238 13.02959 12.61304 7.75488 
12 0.15922 0.13638 0.72159 0.64913 0.13047 
13 0.11858 0.18360 0.48447 0.42999 0.20589 
14 0.57857 1.24719 5.14883 4.90453 1.46599 
15 3.32537 9.30746 18.94118 18.42651 5.52815 
16 1.39062 2.38893 7.55279 7.24778 2.79516 
17 0.63526 1.99150 6.76020 6.47411 1.56823 
18 6.29194 15.43476 27.72188 27.08467 9.35967 
19 0.77542 2.27205 7.32338 7.02376 1.81217 
20 1.77224 4.01666 10.53184 10.16282 3.36394 
21 0.29283 1.19977 5.03804 4.79684 0.89513 
22 0.26107 0.11230 1.04039 0.94798 0.27551 
23 0.0 0.23332 0.32677 0.28717 0.28998 
24 0.23332 0.0 0.11666 0.12292 0.14710 
25 0.32677 0.11666 0.0 0.84008 0.55626 
26 0.28717 0.12292 0.84008 0.0 0.57857 
27 0.28998 0.14710 0.55626 0.57857 0.0 
28 0.12046 0.28162 2.37314 2.21871 0.13045 
29 0.17167 0.81544 4.08134 3.86811 0.14874 
30 0.61147 1.94221 6.65926 6.37564 0.53154 
31 2.40477 4.89250 12.02255 11.62461 2.21115 
32 0.25365 0.95697 4.12477 4.20146 0.11703 
33 0.84008 2.18106 6.71684 6.81826 0.37323 
34 5.57990 2.45268 0.30053 0.86521 2.34176 
35 14.21457 11.17633 4.39107 6.77469 11.21494 
36 3.30618 7.47587 2.34176 4.07051 2.08499 
37 8.42869 14.99897 6.73128 9.71201 6.23648 
38 18.63144 28.39978 15.92457 20.61432 15.11296 
39 6.25033 10.27275 20.37045 19.83429 5.90966 
231 
Region 
28 29 30 31 32 33 
22.99786 11.54595 13.97290 27.78606 34.54991 27.85030 
19.43744 7.53737 11.31173 20.96945 30.05060 21.02440 
15.02174 5.05028 8.11991 16.35124 24.34869 16.39902 
16.97874 6.12642 9.51729 18.40100 26.89514 18.45204 
6.01746 1.26324 2.26439 7.77054 11.96240 7.05341 
1.14843 2.52560 4.67878 11.02275 3.88914 6.61627 
0.38265 0.51649 1.47188 5.23594 2.04873 5.26100 
0.47039 0.62499 0.90381 5.67113 2.30288 6.22266 
1.97029 2.34176 3.52081 10.58784 5.47668 9.72982 
5.71049 6.38965 5.64497 18.88934 11.50672 2.01284 
8.44512 5.50238 5.77644 17.22365 15.45788 17.69434 
0.24709 0.66677 1.54379 5.82952 1.97734 24.14035 
0.41457 0.99813 2.08499 6.96468 2.59978 3.75366 
0.35047 0.36628 0.41711 4.55090 2.62479 4.64369 
3.85762 2.61645 2.79516 11.23425 10.38334 10.01730 
1.71332 0.98428 1.08378 6.92058 6.27804 19.75458 
0.83594 0.40206 0.45662 4.72579 4.21248 13.64715 
7.05341 4.73761 4.98925 17.66937 20.61432 10.32795 
0.60478 0.22254 0.11772 2.38893 3.38331 27.11633 
1.00277 0.24871 0.11389 2.52560 3.55068 7.70797 
0.21127 0.16193 0.14831 1.75245 2.76920 6.45998 
0.26667 0.14240 0.15631 1.02618 0.13845 0.93014 
0.12046 0.17167 0.61147 2.40477 0.25365 0.84008 
0.28162 0.81544 1.94221 4.89250 0.95697 2.18106 
2.37314 4.08134 6.65926 12.02255 4.12477 6.71684 
2.21871 3.86811 6.37564 11.62461 4.20146 6.81826 
0.13045 0.14874 0.53154 2.21115 0.11703 0.37323 
0.0 0.28508 0.14650 0.31442 0.61821 2.45268 
0.28508 0.0 0.27072 0.19938 0.41205 1.92827 
0.14650 0.27072 0.0 0.29283 0.58179 2.36528 
0.31442 0.19938 0.29283 0.0 0.11313 0.67750 
0.61821 0.41205 0.58179 0.11313 0.0 0.18209 
2.45268 1.92827 2.36528 0.67750 0.18209 0.0 
9.67645 8.47805 9.48214 5.05028 0.92572 0.13778 
22.99786 21.02440 22.68121 15.02174 5.93650 3.86811 
4.88048 4.08134 4.74940 1.95622 0.13981 0.13778 
11.02275 9.72982 10.81351 5.99042 1.28485 1.26862 
9.06599 7.91241 8.87880 1.31219 12.38717 12.32599 
1.83235 1.39634 1.75904 0.16125 0.78729 2.82876 
Table B,5. (Continued) 
Region 
Region 34 35 36 37 38 
1 38.62419 73.94458 58.62407 79.56224 113.54262 
2 30.35321 61.92180 52.55235 72.35738 104.76352 
3 24.61801 53.28569 44.68567 62.92538 93.15259 
4 27.17975 57.17950 48.22589 67.18506 98.41437 
5 12.42808 33.54372 26.51826 40.53778 64.85669 
6 11.82266 32.48390 12.71644 22.45244 40.69629 
7 9.90895 29.05388 8.81129 16.95438 32.90556 
8 12.02255 31.51173 9.39459 17.79434 34.11667 
9 16.04243 39.67229 15.71358 26.51826 46.28802 
10 26.23753 55.75470 25.71179 39.51605 63.53183 
11 35.05916 67.49893 31.85709 47.23003 73.44992 
12 6.92058 24.88899 8.64375 16.71165 32.55399 
13 5.90966 27.40225 10.05356 18.73436 35.46219 
14 18.09625 40.30072 8.37951 16.32736 25.86581 
15 23.34613 59.59811 24.02177 37.36415 39.04935 
16 38.04860 47.87820 17.14995 28.43231 30.08414 
17 29.02098 40.97440 13.34700 23.31699 25.10089 
18 23.84445 72.68423 39.39909 56.51210 91.22769 
19 48.40031 42.50256 11.70360 21.05190 15.76033 
20 19.54282 50.60924 12.04265 21.52242 16.16081 
21 17.39622 36.01591 8.66041 16.73584 16.04243 
22 5.85617 15.36548 2.42864 6.87662 13.15602 
23 5.57990 14.21457 3.30618 8.42869 18.63144 
24 2.45268 11.17633 7.47587 14.99897 28.39978 
25 0.30053 4.39107 2.34176 6.73128 • 15.92457 
26 0.86521 6.77469 4.07051 9.71201 20.61432 
27 2.34176 11.21494 2.08499 6.23648 15.11296 
28 9.67645 22.99786 4.88048 11.02275 9.06599 
29 8.47805 21.02440 4.08134 9.72982 7.91241 
30 9.48214 22.68121 4.74940 10.81351 8.87880 
31 5.05028 15.02174 1.95622 5.99042 1.31219 
32 0.92572 5.93650 0.13981 1.28485 12.38717 
33 0.13778 3.86811 0.13778 1.26862 12.32599 
34 0.0 0.22254 0.12046 0.45120 8.56066 
35 0.22254 0.0 0.94350 3.86811 0.72912 
36 0.12046 0.94350 0.0 0.13638 0.88223 
37 0.45120 3.86811 0.13638 0.0 0.12186 
38 8.56066 0.72912 0.88223 0.12186 0.0 



















































































Transportation cost in cents per pound for shipping by railroad 
soybean between cities representing regions 
Region 
1 2 3 4 5 
0.0 0.48070 0.89178 1.10407 2.18123 
0.48070 0.0 0.37882 0.39316 1.44733 
0.89178 0.37882 0.0 0.18417 0.95664 
1.10407 0.39316 0.18417 0.0 1.17373 
2.18123 1.44733 0.95664 1.17373 0.0 
2.88996 2.05077 1.47974 1.73346 0.40139 
2.846 74 2.01365 1.44733 1.69890 0.37882 
2.88996 2.40158 1.78745 2.06094 0.47858 
2.44165 1.43854 1.14676 0.93152 0.34624 
1.54240 0.73127 0.49981 0.32805 1.22562 
2.13965 1.19821 0.92652 0.72662 1.77468 
3.60428 2.66917 2.02374 2.31161 0.66692 
3.96574 2.98530 2.30448 2.60862 0.85745 
4.22974 2.90971 2.51155 2.21264 0.90662 
2.88996 1.80025 1.47974 1.24217 2.47098 
3.97031 2.69204 2.30804 2.02038 1.70830 
4.76171 3.35955 2.93348 2.61239 2.26189 
7.49732 5.72864 5.17755 4.75674 4.29106 
9.10261 7.14952 6.53538 6.06420 5.54023 
10.43353 8.33963 7.67731 7.16763 6.59909 
5.22939 4.57946 3.74072 4.11761 1.83242 
8.25539 7.44188 6.37454 6.85688 3.83449 
5.32332 4.18753 3.38493 3.74516 1.61835 
5.52421 4.36711 3.54777 3.91572 1.73662 
8.14587 6.73911 5.72322 6.18182 3.38493 
8.01791 6.62233 5.61523 6.06977 3.30065 
6.10888 4.89178 4.02525 4.41495 2.08817 
9.68023 8.80023 7.63990 8.16514 4.84156 
6.65143 5.38111 4.47269 4.88172 2.60486 
7.34991 6.58168 5.57767 6.03079 3.21321 
10.80566 9.18408 7.99881 8.53556 5.46039 
12.30995 11.31913 10.00379 10.60058 6.77434 
10.82038 9.19769 8.01154 8.54871 5.21381 
13.17839 11.38696 10.06770 10.66628 6.91019 
19.98500 17.77919 16.13304 16.88249 12.09148 
17.15744 15.99048 14.42867 15.13920 10.51326 
20.98727 19.69878 17.96687 18.75589 13.57811 
25.76245 25.31067 23.35039 24.24481 18.32607 
13.56989 11.75199 10.41184 11.02007 7.49732 
235 
Region 
6 7 8 9 10 11 
2.88996 2.84674 2.88996 2.44165 1.54240 2.13965 
2.05077 2.01365 2.40158 1.43854 0.73127 . 1.19821 
1.47974 1.44733 1.78745 1.14676 . 0.49981 0.92652 
1.73346 1.69890 2.06094 0.93152 0.32805 0.72662 
0.40139 0.37882 0.47858 0.34624 1.22562 1.77468 
0.0 0.79006 1.06719 0.76168 1.79384 2.42705 
0.79006 0.0 0.23999 0.73592 1.75878 2.38709 
1.06719 0.23999 0.0 0.69431 1.70203 2.39433 
0.76168 0.73592 0.69431 0.0 0.80436 1.28392 
1.79384 1.75878 1.70203 0.80436 0.0 0.38906 
2.42705 2.38709 2.39433 1.28392 0.38906 0.0 
0.59969 0.38496 0.62191 1.06719 2.20564 2.89391 
0.78531 0.55580 0.80915 1.28673 2.49676 3.22149 
1.59693 0.63085 0.39316 1.16022 • 1.69890 1.73031 
3.21735 3.17195 3.18018 1.90076 0.84045 0.42620 
2.56735 1.35752 1.05412 2.02711 2.57109 2.60862 
3.22149 1.86483 1.92378 2.61993 3.78077 3.26722 
5.55091 4.07131 4.15483 4.76668 6.26650 5.60986 
6.95179 1.42978 1.12001 2.11213 4.96250 4.37666 
8.12661 2.02711 1.66773 2.80770 5.96977 5.32856 
2.71500 1.47087 1.15752 2.31875 3.02141 3.06177 
1.79064 1.17644 1.26995 2.24777 3.73185 4.59412 
1.52738 1.23664 1.44440 2.15347 3.61301 4.46304 
1.64296 1.34325 1.67394 2.28669 3.78077 4.64803 
3.25888 2.85066 3.30065 4.11297 6.01412 7.08332 
3.17606 2.77277 3.21735 4.02066 5.09354 6.96370 
1.98684 1.66152 1.89421 2.68060 4.27215 5.45509 
2.52267 1.80346 1.91390 3.04963 4.72697 5.68532 
3.35110 1.96683 2.08135 3.25471 4.97772 4.64803 
4.32426 2.74574 2.33307 3.83000 4.70224 4.75177 
6.49499 4.54536 4.71212 6.36313 8.66079 8.22956 
3.99316 3.09423 3.23393 4.63820 6.63978 7.75866 
5.05925 4.55509 4.91698 6.09770 3.07392 8.35262 
6.73325 6.15372 6.79199 7.91626 10.44801 12.41988 
11.85950 11.09448 11.64495 13.39793 16.60973 18.81357 
6.99352 5.80485 5.99192 7.82781 10.32528 11.72136 
9.54809 8.15872 8.37864 10.51326 13.36529 14.94065 
13.61100 11.95203 12.21609 14.75192 18.07994 19.89595 
8.69390 6.42603 6.62233 8.54214 11.16164 10.67360 
Table B.6. (Continued) 
Region 
Region 12 13 14 15 16 
1 3.60428 3,96574 4,22974 2.88996 3,97031 
2 2.66917 2,98530 2,90971 1.80025 2,69204 
3 2.02374 2,30448 2.51155 1.47974 2,30804 
4 2.31161 2,60862 2,21264 1,24217 2,02038 
5 0.66692 0,85745 0,90662 2,47098 1,70830 
6 0.59969 0,78531 1,59693 3,21735 2,56735 
7 0.38496 0,55580 0,63085 3,17195 1,35752 
8 0.62191 0,80915 0,39316 3,18018 1,05412 
9 1.06719 1,28673 1,16022 1,90076 2,02711 
10 2.20564 2,49676 1,69890 0,84045 2,57109 
11 2.89391 3,22149 1,73031 0,42620 2,60862 
12 0.0 0.18017 1,07505 3.96574 1,81631 
13 0.18017 0.0 1,29515 4,34328 2.08476 
14 1.07505 1,29515 0.0 1,23388 0,60412 
15 3.96574 4,34328 1,23388 0,0 0,53413 
16 1.81631 2,08476 0,60412 0.53413 0,0 
17 2.87028 3.19668 0.62414 0.91904 0,35030 
18 5.46039 5,89803 2,22315 1.10142 1,29234 
19 1.82597 2,09501 0,66012 1.60609 0,90414 
20 2.48201 2,78827 1,12801 2.23018 1,41521 
21 1.50647 1.75561 0,79720 2.04738 1,26437 
22 0,99730 1,21188 1,41230 3.47448 2,46363 
23 0,76874 0,96676 2,03386 3.74072 2,69204 
24 0,85989 0,68972 2,59358 5.96424 3.27974 
25 2,17428 1,93037 4,51138 8,67403 5,38638 
26 2.10527 1.86483 4.41495 8,54214 5,28148 
27 1.27274 1,50647 2,74189 4.65786 3.48736 
28 1,59083 1,84536 1,75878 3.97944 2.89785 
29 2,12243 2,40885 1,78106 3.39766 2.39795 
30 2,79215 3,11459 1,84860 3.48736 2.47465 
31 4.77165 5,18272 4,27215 6.55851 5.16721 
32 3,05368 3,38917 3,40191 6.30052 4.93719 
33 9,95423 3,93387 4,31002 6.18745 8.88038 
34 5,16721 4,80155 8.45692 9.76414 13.05718 
35 10,13179 10,71754 13,52885 17.34192 15.06999 
36 5,75037 6,19871 5,66371 9.92595 8.21021 
37 8,09457 8.62115 7.99244 12.91245 10.95331 
38 11,87490 12.50660 10.36130 13.26761 11.32666 
39 6,69228 7.17367 6.10328 8.76693 7.15556 
237 
Region 
17 18 19 20 21 22 
4.76171 7.49732 9.10261 10.43353 5.22939 8.25539 
3.35955 5.72864 7.14952 8.33963 4.57946 7.44188 
2.93348 5.17755 6.53538 7.67731 3.74072 6.37454 
2.61239 4.75674 6.06420 7.16763 4.11761 6.85688 
2.26189 4.29106 5.54023 6.59909 1.83242 3.83449 
3.22149 5.55091 6.95179 8.12661 2.71500 1.79064 
1.86483 4.07131 1.42978 2.02711 1.47087 1.17644 
1.92378 4.15483 1.12001 1.66773 1.15752 1.26995 
2.61993 4.76668 2.11213 2.80770 2.31875 2.24777 
3.78077 6.26650 4.96250 5.96977 3.02141 3.73185 
3.26722 5.60986 4.37666 5.32856 3.06177 4.59412 
2.87028 5.46039 1.82597 2.48201 1.50647 0.99730 
3.19668 5.89803 2.09501 2.78827 1.75561 1.21188 
0.62414 2.22315 0.66012 1.12801 0.79720 1.41230 
0.91904 1.10142 1.60609 2.23018 2.04738 3.47448 
0.35030 1.29234 0.90414 1.41521 1.26437 2.46363 
0.0 1.62141 0.52121 0.96422 0.83319 1.88766 
1.62141 0.0 2.45629 3.19668 2.81549 4.63820 
0.52121 2.45629 0.0 0.39933 0.73359 1.68952 
0.96422 3.19668 0.39933 0.0 1.12801 2.01365 
0.83319 2.81549 0.73359 1.12801 0.0 1.19275 
1.88766 4.63820 1.68952 2.01365 1.19275 0.0 
2.09159 4 .94225 2.22315 2.93348 1.67083 0.46382 
3.06177 7.75238 3.21735 4.04825 2.55988 1.04891 
5.11053 10.79095 5.30761 6.34602 4.46787 2.44165 
5.00822 10.64437 5.20344 6.23256 4.37188 2.36902 
2.80770 5.98084 2.95735 3.75850 2.32590 0.41171 
2.27605 5.21381 2.06094 2.41248 1.51841 0.44495 
1.82919 4.34804 1.54240 1.59388 0.75933 0.83319 
1.89748 4.44859 0.97436 1.01784 0.80915 1.37473 
4.34328 8.34612 3.27974 3.35110 2.92159 2.43069 
4.13155 9.09584 3.76740 3.84347 3.47448 1.30922 
7.25850 6.28350 10.65167 5.43920 5.00313 2.35461 
11.08702 9.88362 15.17385 8.82690 8.27479 4.78161 
13.66863 19.75783 13.98360 15.61033 12.62532 7.73358 
7.17367 13.34085 6.69812 6.79788 5.75581 3.30065 
9.75714 16.75494 9.20451 9.32064 8.10098 5.15172 
10.18179 23.02049 7.84042 7.94795 7.91626 7.11939 
6.18745 10.80566 4.91698 4.50654 4.48235 3.87951 
Table B.6, (Continued) 
Region 
Region 23 24 25 26 27 
1 5.32332 5.52421 8.14587 8.01791 6.10888 
2 4.18753 4.36711 6.73911 6.62233 4.89178 
3 3.38493 3.54777 5.72322 5.61523 4.02525 
4 3.74516 3.91572 6.18182 6.05977 4.41495 
5 1.61835 1.73662 3.38493 3.30065 2.08817 
6 1.52738 1.64296 3.25888 3.17606 1.98684 
7 1.23664 1.34325 2.85066 2.77277 1.66152 
8 1.44440 1.67394 3.30065 3.21735 1.89421 
9 2.15347 2.28669 4.11297 4.02066 2.68060 
10 3.61301 3.78077 6.01412 5.90354 4.27215 
11 4.46304 4.64803 7.08332 6.96370 5.45509 
12 0.76874 0.85989 2.17428 2.10527 1.27274 
13 0.96676 0.68972 1.93037 1.86483 1.50647 
14 2.03386 2.59358 4.51138 4.41495 2.74189 
15 3.74072 5.96424 8.67403 8.54214 4.65786 
16 2.69204 3.27974 5.38638 5.28148 3.48736 
17 2.09159 3.06177 5.11053 5.00822 2.80770 
18 4.94225 7.75238 10.79095 10.64437 5.98084 
19 2.22315 3.21735 5.30761 5.20344 2.95735 
20 2.93348 4.04825 6.34602 6.23256 3.75850 
21 1.67083 2.55988 4.46787 4.37188 2.32590 
22 0.46382 1.04891 2.44165 2.36902 0.41171 
23 0.0 0.54711 1.72401 1.66152 0.30792 
24 0.54711 0.0 0.98453 0.93402 0.81394 
25 1.72401 0.98453 0.0 2.27959 2.01029 
26 1.66152 0.93402 2.27959 0.0 2.03386 
27 0.30792 0.81394 2.01029 2.03386 0.0 
28 0.95160 1.65223 3.27139 3.18842 0.88931 
29 1.42103 2.25836 4.07593 3.98401 1.34895 
30 2.06773 3.03349 5.07461 4.97264 1.98350 
31 3.28809 4.41016 6.79199 6.67476 3.18430 
32 1.60304 2.37624 4.09443 4.12690 1.18459 
33 2.27959 3.16784 5.09512 5.13111 1.79064 
34 4.67756 3.31323 1.68328 2.30092 3.25471 
35 7.41730 6.54116 4.20626 5.11567 6.55272 
36 3.73185 5.36006 3.25471 4.07131 3.11459 
37 5.67991 7.63367 5.10025 6.09210 4.92203 
38 8.59478 10.94591 7.88461 9.09584 7.66483 
39 4.92708 6.26650 9.03499 8,90048 4.80155 
239 
Region 
28 29 30 31 32 33 
9.68023 6.65143 7.34991 10.80566 12.30995 10.82038 
8.80023 5.38111 6.58168 9.18408 11.31913 9.19769 
7.63990 4.47269 5.57767 7.99881 10.00379 8.01154 
8.16514 4.88172 6.03079 8.53556 10.60058 8.54871 
4.84156 2.60486 3.21321 • 5.46039 6.77434 5.21381 
2.52267 3.35110 4.32426 6.49499 3.99316 5.05925 
1.80346 1.96683 2.74574 4.54536 3.09423 4.55509 
1.91390 2.08135 2.33307 4.71212 3.23393 4.91698 
3.04963 3.25471 3.83000 6.36313 4.63820 6.09770 
4.72697 4.97772 4.70224 8.66079 6.63978 3.07392 
5.68532 4.64803 4.75177 8.22956 7.75866 8.35262 
1.59083 2.12243 2.79215 4.77165 3.05368 9.95423 
1.84536 2.40885 3.11459 5.18272 3.38917 3.93387 
1.75878 1.78106 1.84860 4.27215 3.40191 4.31002 
3.97944 3.39766 3.48736 6.55851 6.30052 6.18745 
2.89785 2.39795 2.47465 5.16721 4.93719 8.88038 
2.27605 1.82919 1.89748 4.34328 4.13155 7.25850 
5.21381 4.34804 4.44859 8.34612 9.09584 6.28350 
2.06094 1.54240 0.97436 3.27974 3.76740 10.65167 
2.41248 1.59388 1.01784 3.35110 3.84347 5.43920 
1.51841 0.75933 0.80915 2.92159 3.47448 5.00313 
0.44495 0.83319 1.37473 2.43069 1.30922 2.35461 
0.95160 1.42103 2.06773 3.28809 1.60304 2.27959 
1.65223 2.25836 3.03349 4.41016 2.37624 3.16784 
3.27139 4.07593 5.07461 6.79199 4.09443 5.09512 
3.18842 3.98401 4.97264 6.67476 4.12690 5.13111 
0.88931 1.34895 1.98350 3.18430 1.18459 1.79064 
0.0 0.36453 0.81634 1.70516 2.07454 3.31323 
0.36453 0.0 0.43036 1.49160 1.84212 3.02543 
0.81634 0.43036 0.0 1.67083 2.03724 3.26722 
1.70516 1.49160 1.67083 0.0 1.13603 2.13276 
2.07454 1.84212 2.03724 1.13603 0.0 0.69431 
3.31323 3.02543 3.26722 2.13276 0.69431 0.0 
6.08093 5.69613 6.01967 4.47269 2.35101 1.30640 
9.68023 9.19769 9.60361 7.63990 4.81154 3.98401 
4.40536 4.07593 4.35280 3.04156 1.31487 1.30640 
6.49499 6.09770 6.43176 4.83154 2.61993 2.60862 
5.88703 5.50822 5.82671 2.63882 6.89833 6.88054 
2.96931 2.69586 2.92555 0.76168 2.23369 3.50888 
Table B.6. (Continued) 
Region 
Region 34 35 36 37 38 
1 13.17839 19.98500 17.15744 20.98727 26.76245 
2 11.38696 17.77919 15.99048 19.69878 25.31067 
3 10.06770 16.13304 14.42867 17.96687 23.35039 
4 10.66628 16.88249 15.13920 18.75589 24.24481 
5 6.91019 12.09148 10.51326 13.57811 18.32607 
6 6.73325 11.85950 6.99352 9.54809 13.61100 
7 6.15372 11.09448 5.80485 8.15872 11.95203 
8 6.79199 11.64495 5.99192 8.37864 12.21609 
9 7.91626 13.39793 7.82781 10.51326 14.75192 
10 10.44801 16.60973 10.32528 13.36529 18.07994 
11 12.41988 18.81357 11.72136 14.94065 19.89595 
12 5.16721 10.13179 5.75037 8.09457 11.87490 
13 4.80155 10.71754 6.19871 8.62115 12.50660 
14 8.45692 13.52885 5.66371 7.99244 10.36130 
15 9.76414 17.34192 9.92595 12.91245 13.26761 
16 13.05718 15.06999 8.21021 10.95331 11.32666 
17 11.08702 13.66863 7.17367 9.75714 10.18179 
18 9.88362 19.75783 13.34085 16.75494 23.02049 
19 15.17385 13.98360 6.69812 9.20451 7.84042 
20 8.82690 15.61033 6.79788 9.32064 7.94795 
21 8.27479 12.62532 5.75581 8.10098 7.91626 
22 4.78161 7.73358 3.30065 5.15172 7.11939 
23 4.67756 7.41730 3.73185 5.67991 8.59478 
24 3.31323 6.54116 5.36006 7.63367 10.94591 
25 1.68328 4.20626 3.25471 5.10025 7.88461 
26 2.30092 5.11567 4.07131 6.09210 9.09584 
27 3.25471 6.55272 3.11459 4.92203 7.66483 
28 6.08093 9.68023 4.40536 6.49499 5.88703 
29 5.69613 9.19769 4.07593 6.09770 5.50822 
30 6.01967 9.60361 4.35280 6.43176 5.82671 
31 4.47269 7.63990 3.04156 4.83154 2.63882 
32 2.35101 4.81154 1.31487 2.61993 6.89833 
33 1.30640 3.98401 1.30640 2.60862 6.88054 
34 0.0 1.54240 0.95160 1.89093 5.72322 
35 1.54240 0.0 2.36541 3.98401 2.18123 
36 0.95160 2.36541 0.0 0.85989 2.31518 
37 1.89093 3.98401 0.85989 0.0 1.22286 
38 5.72322 2.18123 2.31518 1.22286 0.0 



















































































Transportation cost in cents per pound for shipping by railroad 
hogs between cities representing regions 
Region 
1 2 3 4 5 
0.0 0.41083 0.74481 0.88872 1.43122 
0.41083 0.0 0.31521 0.32897 1.09038 
0.74481 0.31521 0.0 0.12404 0.79058 
0.88872 0.32897 0.12404 0.0 0.93247 
1.43122 1.09038 0.79058 0.93247 0.0 
1.68389 1.37762 1.10776 1.23555 0.33682 
1.67006 1.36189 1.09038 1.21895 0.31521 
1.68389 1.51625 1.26101 1.38190 0.40890 
1.53102 1.08562 0.91572 0.77306 0.28369 
1.14065 0.62396 0.42821 0.26592 0.96407 
1.41442 0.94748 0.76954 0.62029 1.25504 
1.88894 1.61134 1.36619 1.48232 0.57221 
1.97858 1.71374 1.47958 1.59053 0.71991 
2.03912 1.69014 1.55632 1.44374 0.75544 
1.68389 1.26696 1.10776 0.97398 1.54172 
1.97968 1.61907 1.48094 1.36477 1.22349 
2.15018 1.82324 1.69762 1.59184 1.46311 
2.56018 2.32143 2.22819 2.14921 2.05263 
2.71860 2.51935 2.44045 2.37327 2.29076 
2.81984 2.64897 2.58032 2.52154 2.44906 
2.23744 2.11364 1.92377 2.01389 1.28179 
2.64067 2.55386 2.41820 2.48289 1.94699 
2.25391 2.02971 1.83027 1.92486 1.17931 
2.28810 2.06913 1.87415 1.96667 1.23706 
2.62973 2.46768 2.32057 2.39061 1.83027 
2.61665 t 2.45217 2.30312 2.37409 1.80676 
2.37991 2.17537 1.99258 2.07936 1.39325 
2.76545 2.69215 2.57617 2.63169 2.16573 
2.45606 2.26389 2.09156 2.17343 1.58922 
2.54322 2.44672 2.29693 2.36825 1.78182 
2.84416 2.72551 2.61468 2.66776 2.27738 
2.92750 2.87520 2.78972 2.83096 2.47223 
2.84509 2.72666 2.61600 2.66899 2.23467 
2.96615 2.87908 2.79433 2.83526 2.48967 
3.10211 3.08418 3.05626 3.07069 2.91675 
3.07523 3.05317 3.01137 3.03221 2.82520 
3.10395 3.10087 3.08654 3.09465 2.98184 
3.05459 3.07534 3.09495 3.08727 3.09058 
2.98151 2.89920 2.81840 2.85748 2.56018 
243 
Region 
6 7 8 9 10 11 
1.68389 1.67006 1.68389 1.53102 1.14065 1.41442 
1.37762 1.36189 1.51625 1.08562 0.62396 0.94748 
1.10776 1.09038 1.26101 0.91572 0.42821 0.76954 
1.23555 1.21895 1.38190 0.77306 0.26592 0.62029 
0.33682 0.31521 0.40890 0.28369 0.96407 1.25504 
0.0 0.66955 0.86489 0.64774 1.26398 1.52566 
0.66955 0.0 0.17889 0.62763 1.24756 1.51084 
0.86489 0.17889 0.0 0.59448 1.22046 1.51355 
0.64774 0.62763 0.59448 0.0 0.68040 0.99861 
1.26398 1.24756 1.22046 0.68040 0.0 0.32504 
1.52566 1.51084 1.51355 0.99861 0.32504 0.0 
0.51597 0.32112 0.53481 0.86489 1.44096 1.68514 
0.66593 0.47803 0.68401 1.00024 1.55103 1.78420 
1.16853 0.54232 0.32897 0.92412 1.21895 1.23405 
1.78300 1.76980 1.77221 1.31262 0.70739 0.36030 
1.57611 1.04083 0.85634 1.36266 1.57744 1.59053 
1.78420 1.29654 1.32288 1.59444 1.93375 1.79729 
2.29252 2.00326 2.02236 2.15115 2.40286 2.30223 
2.49494 1.08085 0.89887 1.40315 2.18875 2.07119 
2.62778 1.36762 1.20376 1.65743 2.35905 2.25484 
1.62680 1.10302 0.92243 1.48505 1.72482 1.73707 
1.26250 0.93415 0.99042 1.45760 1.92153 2.11667 
1.13286 0.97068 1.08879 1.42002 1.89120 2.08954 
1.19156 1.03275 1.20681 1.47272 1.93375 2.12759 
1.79492 1.67133 1.80676 2.01284 2.36574 2.51128 
1.77101 1.64599 1.78300 1.99152 2.34889 2.49646 
1.35039 1.20073 1.30975 1.61520 2.04849 2.27649 
1.56029 1.26845 1.31850 1.73342 2.14335 2.31449 
1.82091 1.34173 1.39042 1.79373 2.19159 2.12759 
2.05989 1.63705 1.49051 1.94590 2.13844 2.14823 
2.43490 2.10665 2.14040 2.41658 2.67943 2.63813 
1.98507 1.74682 1.78777 2.12561 2.45451 2.58919 
2.20671 2.10866 2.18015 2.37825 1.74073 2.65024 
2.46686 2.38652 2.47452 2.60603 2.82084 2.93277 
2.90485 2.86195 2.89346 2.97490 3.06576 3.09516 
2.50015 2.33352 2.36241 2.59663 2.81246 2.89756 
2.75517 2.63104 2.65278 2.82520 2.97362 3.02675 
2.98306 2.90969 2.92297 3.02126 3.08782 3.10181 











































12 13 14 15 16 
1.88894 1.97858 2.03912 1.68389 1.97968 
1.61134 1.71374 1.69014 1.26696 1.61907 
1.36619 1.47958 1.55632 1.10776 1.48094 
1.48232 1.59053 1.44374 0.97398 1.36477 
0.57221 0.71991 0.75544 1.54172 1.22349 
0.51597 0.66593 1.16853 1.78300 1.57611 
0.32112 0.47803 0.54232 1.76980 1.04083 
0.53481 0.68401 0.32897 1.77221 0.85634 
0.86489 1.00024 0.92412 1.31266 1.36762 
1.44096 1.55103 1.21895 0.70739 1.57744 
1.68514 1.78420 1.23405 0.36030 1.59053 
0.0 0.12016 0.87001 1.97858 1.27439 
0.12016 0.0 1.00514 2.06399 1.39183 
0.87001 1.00514 0.0 0.96902 0.51975 
1.97858 2.06399 0.96902 0.0 0.45894 
1.27439 1.39183 0.51975 0.45894 0.0 
1.67762 1.77701 0.53669 0.76426 0.28764 
2.27738 2.34803 1.44791 0.88702 1.00352 
1.27882 1.39608 0.56663 1.17316 0.75367 
1.54572 1.65108 0.90394 1.45068 1.07289 
1.12190 1.24605 0.67498 1.37620 0.98714 
0.81844 0.95578 1.07130 1.85464 1.53904 
0.65320 0.79757 1.37049 1.92377 1.61907 
0.72170 0.59078 1.58530 2.35817 1.80085 
1.42842 1.32578 2.09962 2.68066 2.26479 
1.40033 1.29654 2.07936 2.66840 2.24660 
0.99206 1.12190 1.63577 2.12956 1.85811 
1.16545 1.28770 1.24756 1.98183 1.68638 
1.40737 1.51893 1.25803 1.83376 1.51490 
1.65235 1.75290 1.28918 1.85811 1.54305 
2.15213 2.22912 2.04849 2.44357 2.22633 
1.73463 1.83142 1.83494 2.40771 2.18398 
2.78611 1.97103 2.05677 2.39145 2.69931 
2.22633 2.15796 2.66030 2.77189 2.96111 
2.79893 2.83854 2.97995 3.07807 3.03032 
2.32490 2.39309 2.31100 2.78403 2.63617 
2.62450 2.67576 2.61401 2.95496 2.85335 
2.90570 2.93681 2.81493 2.96975 2.87561 
2.46151 2.52229 2.37906 2.68915 2.52008 
245 
Region 
17 18 19 20 21 22 
2.15018 2.56018 2.71860 2.81984 2.23744 2.64067 
1.82324 2.32143 2.51935 2.64897 2.11364 2.55386 
1.69762 2.22819 2.44045 2.58032 1.92377 2.41820 
1.59184 2.14921 2.37327 2.52154 2.01389 2.48289 
1.46311 2.05263 2.29076 2.44906 1.28179 1,94699 
1.78420 2.29252 2.49494 2.62778 1.62680 1.26250 
1.29654 2.00326 1.08085 1.36762 1.10302 0.93415 
1.32288 2.02236 0.89887 1.20376 0.92243 0.99042 
1.59444 2.15115 1.40315 1.65743 1.48505 1.45760 
1.93375 2.40286 2.18875 2.35905 1.72482 1.92153 
1.79729 2.30223 2.07119 2.25484 1.73707 2.11667 
1.67762 2.27738 1.27882 1.54572 1.12190 0.81844 
1.77701 2.34803 1.39608 1.65108 1.24605 0.95578 
0.53669 1.44791 0.56663 0.90394 0.67498 1.07130 
0.76426 0.88702 1.17316 1.45068 1.37620 1.85464 
0.28764 1.00352 0.75367 1.07289 0.98714 1.53904 
0.0 1.18085 • 0.44744 0.79583 0.70201 1.30682 
1.18085 0.0 1.53637 1.77701 1.65996 2.12561 
0.44744 1.53637 0.0 0.33485 0.62580 1.21441 
0.79583 1.77701 0.33485 0.0 0.90394 1.36189 
0.70201 . 1.65996 0.62580 0.90394 0.0 0.94416 
1.30682 2.12561 1.21441 1.36189 0.94416 0.0 
1.39467 2.18493 1.44791 1.69762 1.20529 0.39533 • 
1.73707 2.58852 1.78300 1.99793 1.57350 0.85291 
2.21608 2.84325 2.25118 2.41420 2.09055 1.53102 
2.19727 2.83380 2.23281 2.39799 2.07017 1.50408 
1.65743 2.36070 1.70506 1.92820 1.48778 0.34661 
1.46862 2.23467 1.38190 1.52029 1.12816 0.37785 
1.28032 2.06502 1.14065 1.16699 0.64591 0.70201 
1.31121 2.08647 0.80280 0.83227 0.68401 1.05048 
2.06399 2.64960 1.80085 1.82091 1.69388 1.52700 
2.01708 2.71808 1.93043 1.94920 1.85464 1.01329 
2.53243 2.40529 2.83430 2.27381 2.19634 1.49867 
2.86153 2.78084 3.03316 2.69455 2.64261 2.15408 
2.98523 3.10119 2.99657 3.04438 2.94225 2.58645 
2.52229 2.97264 2.46225 2.47531 2.32576 1.80676 
2.77139 3.06841 2.72726 2.73687 2.62516 2.22354 
2.80246 3.09729 2.59799 2.60935 2.60603 2.51568 
2.39145 2.84416 2.18015 2.09862 2.09358 1.95795 
Table B.7. (Continued) 
Region 
Region 23 24 25 26 27 
1 2.25391 2.28810 2.62973 2.61665 2.37991 
2 . 2.02971 2.06913 2.46768 2.45217 2.17537 
3 1.83027 1.87415 2.32057 2.30312 1.99258 
4 1.92486 1.96667 2.39061 2.37409 2.07936 
5 1.17931 1.23706 1.83027 1.80676 1.39325 
6 1.13286 1.19156 1.79492 1.77101 1.35039 
7 0.97068 1.03275 1.67133 1.64599 1.20073 
8 1.08879 1.20681 1.80676 1.78300 1.30975 
9 1.42002 1.47272 2.01284 1.99152 1.61520 
10 1.89120 1.93375 2.36574 2.34889 2.04849 
11 2.08954 2.12759 2.51128 2.49646 2.27649 
12 0.65320 0.72170 1.42842 1.40033 0.99206 
13 0.79757 0.59078 1.32578 1.29654 1.12190 
14 1.37049 1.58530 2.09962 2.07936 1.63577 
15 1.92377 2.35817 2.68066 2.66840 2.12956 
16 1.61907 1.80085 2.26479 2.24660 1.85811 
17 1.39467 1.73707 2.21608 2.19727 1.65743 
18 2.18493 2.58852 2.84325 2.83380 2.36070 
19 1.44791 1.78300 2.25118 2.23281 1.70506 
20 1.69762 1.99793 2.41420 2.39799 1.92820 
21 1.20529 1.57350 2.09055 2.07017 1.48778 
22 0.39533 0.85291 1.53102 1.50408 0.34661 
23 0.0 0.47041 1.23102 1.20073 0.24614 
24 0.47041 0.0 0.80976 0.77481 0.68762 
25 1.23102 0.80976 0.0 1.46999 1.36047 
26 1.20073 .0.77481 1.46999 0.0 1.37049 
27 0.24614 0.68762 1.36047 1.37049 0.0 
28 0.78709 1.19615 1.79848 1.77462 0.74304 
29 1.07609 1.46173 2.00433 1.98290 1.03598 
30 1.38473 1.72850 2.20954 2.19066 1.34896 
31 1.80322 2.07833 2.47452 2.45918 1.77341 
32 1.17162 1.50679 2.00860 2.01602 0.93915 
33 1.46999 1.76861 2.21327 2.21983 1.26250 
34 2.13352 1.81031 1.21137 1.47821 1.79373 
35 2.55103 2.44123 2.03390 2.21702 2.44279 
36 1.92153 2.26029 1.79373 2.00326 1.75290 
37 2.31361 2.57549 2.21422 2.37742 2.18109 
38 2.67331 2.85290 2.60270 2.71808 2.57894 
39 2.18207 2.40286 2.71284 2.70108 2.15796 
247 
Region 
28 29 30 31 32 33 
2.76545 2.45606 2.54322 2.84416 2.92750 2.84509 
2.69215 2.26389 2.44672 2.72551 2.87520 2.72666 
2.57617 2.09156 2.29693 2.61468 2.78972 2.61600 
2.63169 2.17343 2.36825 2.66776 2.83096 2.66899 
2.16573 1.58922 1.78182 2.27738 2.47223 2.23467 
1.56029 1.82091 2.05989 2.43490 1.98507 2.20671 
1.26845 1.34173 1.63705 2.10665 1.74682 2.10866 
1.31850 1.39042 1.49051 2.14040 1.78777 2.18015 
1.73342 1.79373 1.94590 2.41658 2.12561 2.37825 
2.14335 2.19159 2.13844 2.67943 2.45451 1.74073 
2.31449 2.12759 2.14823 2.63813 2.58919 2.65024 
1.16545 1.40737 1.65235 2.15213 1.73463 2.78611 
1.28770 1.51893 1.75290 2.22912 1.83142 1.97103 
1.24756 1.25803 1.28918 2.04849 1.83494 2.05677 
1.98183 1.83376 1.85811 2.44357 2.40771 2.39145 
1.68638 1.51490 1.54305 2.22633 2.18398 2.69931 
1.46862 1.28032 1.31121 2.06399 2.01708 2.53243 
2.23467 2.06502 2.08647 2.64960 2.71808 2.40529 
1.38190 1.14065 0.80280 1.80085 1.93043 2.83430 
1.52029 1.16699 0.83227 1.82091 1.94920 2.27381 
1.12816 0.64591 0.68401 1.69388 1.85464 2.19634 
0.37785 0.70201 1.05048 1.52700 1.01329 1.49867 
0.78709 1.07609 1.38473 1.80322 1.17162 1.46999 
1.19615 1.46173 1.72850 2.07833 1.50679 1.76861 
1.79848 2.00433 2.20954 2.47452 2.00860 2.21327 
1.77462 1.98290 2.19066 2.45918 2.01602 2.21983 
0.74304 1.03598 1.34896 1.77341 0.93915 1.26250 
0.0 0.30144 0.68942 1.22197 1.38758 1.81031 
0.30144 0.0 0.36420 1.11404 1.28623 1.72605 
0.68942 0.36420 0.0 1.20529 1.37191 1.79729 
1.22197 1.11404 1.20529 0.0 0.90899 1.41161 
1.38758 1.28623 1.37191 0.90899 0.0 0.59448 
1.81031 1.72605 1.79729 1.41161 0.59448 0.0 
2.37575 2.31623 2.36660 2.09156 1.49731 1.01166 
2.76545 2.72666 2.75956 2.57617 2.15991 1.98290 
2.07732 2.00433 2.06606 1.73096 1.01655 1.01166 
2.43490 2.37825 2.42616 2.16380 1.59444 1.59053 
2.34636 2.28544 2.33696 1.60095 2.48820 2.48594 
1.70880 1.62036 1.69512 0.64774 1.45205 1.86384 
Table B.7. (Continued) 
Region 
Region 34 35 36 37 38 
1 2.96615 3.10211 3.07523 3.10395 3.05459 
2 2.87908 3.08418 3.05317 3.10087 3.07534 
3 2.79433 3.05626 3.01137 3.08654 3.09495 
4 2.83526 3.07069 3.03221 3.09465 3.08727 
5 2.48967 2.91675 2.82520 2.98184 3.09058 
6 2.46686 2.90485 2.50015 2.75517 2.98306 
7 2.38652 2.86195 2.33352 2.63104 2.90969 
8 2.47452 2.89346 2.36241 2.65278 2.92297 
9 2.60603 2.97490 2.59663 2.82520 3.02126 
10 2.82084 3.06576 2.81246 2.97362 3.08782 
11 2.93277 3.09516 2.89756 3.02675 3.10181 
12 2.22633 2.79893 2.32490 2.62450 2.90570 
13 2.15796 2.83854 2.39309 2.67576 2.93681 
14 2.66030 2.97995 2.31100 2.61401 2.81493 
15 2.77189 3.07807 2.78403 2.95496 2.96975 
16 2.96111 3.03032 2.63617 2.85335 2.87561 
17 2.86153 2.98523 2.52229 2.77139 2.80246 
18 2.78084 3.10119 2.97264 3.06841 3.09729 
19 3.03316 2.99657 2.46225 2.72726 2.59799 
20 2.69455 3.04438 2.47531 2.73687 2.60935 
21 2.64261 2.94225 2.32576 2.62516 2.60603 
22 2.15408 2.59645 1.80676 2.22354 2.51568 
23 2.13352 2.55103 1.92153 2.31361 2.67331 
24 1.81031 2.44123 2.26029 2.57549 2.85290 
25 1.21137 2.03390 1.79373 2.21422 2.60270 
26 1.47821 2.21702 2.00326 2.37742 2.71808 
27 1.79373 2.44279 1.75290 2.18109 2.57894 
28 2.37575 2.76545 2.07732 2.43490 2.34636 
29 2.31623 2.72666 2.00433 2.37825 2.28544 
30 2.36660 2.75956 2.06606 2.42616 2.33696 
31 2.09156 2.57617 1.73096 2.16380 1.60095 
32 1.49731 2.15991 1.01655 1.59444 2.48820 
33 1.01166 1.98290 1.01166 1.59053 2.48594 
34 0.0 1.14065 0.78709 1.30828 2.32057 
35 1.14065 0.0 1.50273 1.98290 1.43122 
36 0.78709 1.50273 0.0 0.72170 1.48367 
37 1.30828 1.98290 0.72170 0.0 0.96241 
38 2.32057 1.43122 1.48367 0.96241 0.0 





















































































Transportation cost in cents per pound for shipping by truck 
hogs between cities representing, regions 
Region 
1 2 3 4 5 
0.0 0.58 1.11 1.11 2.14 
0.58 0.0 0.52 0.52 1.55 
1.11 0.52 0.0 0.22 1.02 
1.11 0.52 0.22 0.0 1.14 
2.14 1.55 1.02 1.14 0.0 
1.95 1.86 1.34 1.42 0.56 
2.62 4.56 1.50 1.62 0.48 
2.75 2.14 1.62 1.68 0.60 
2.24 1.65 1.12 1.09 0.47 
1.52 0.93 0.63 0.41 1.26 
1.95 1.36 1.07 0.84 1.39 
2.72 2.34 1.83 1.91 0.88 
2.96 2.60 2.08 2.16 1.25 
3.24 2.64 2.12 2.02 1.10 
2.52 1.93 1.64 1.41 1.55 
2.97 2.38 2.00 1.86 1.53 
3.30 2.71 2.26 2.19 1.61 
3.84 3.25 2.89 2.73 3.97 
3.99 3.40 2.95 2.88 2.14 
4.50 3.91 3.46 3.39 2.80 
4.16 3.57 3.05 3.02 2.02 
4.05 3.67 2.85 3.06 1.83 
3.65 3.27 2.75 2.85 1.94 
3.86 2.60 2.97 3.06 2.14 
5.08 4.71 4.19 4.27 3.36 
4.84 4.48 3.96 4.04 3.13 
4.04 3.65 3.14 ? 3.24 2.08 
4.61 4.22 3.70 3.61 2.37 
4.69 4.10 3.57 3.68 2.55 
5.15 4.56 4.04 4.15 3.01 
6.11 5.57 5.35 5.26 4.02 
5.54 5.16 4.64 4.74 3.43 
5.51 5.15 4.64 4.74 3.82 
7.03 6.65 3.35 6.24 5.32 
8.59 8.22 7.71 7.84 6.88 
6.70 6.31 5.80 5.90 4.74 
7.71 7.32 6.80 6.91 5.75 
9.08 8.75 8.24 8.14 6.89 
6.95 6.41 6.19 6.10 4.86 
252 
Region 
6 7 8 9 10 11 
1.95 2.62 2.75 2.24 1.52 1.95 
1.86 4.56 2.14 1.65 0.93 1.35. 
1.34 1.50 1.62 1.12 .0.63 1.07 
1.42 1.62 1.68 1.09 0.41 0.84 
0.56 0.48 0.60 0.47 1.26 1.39 
0.0 0.77 1.04 1.03 1.73 1.92 
0.77 0.0 0.32 0.84 1.70 1.77 
1.04 0.32 0.0 0.73 1.62 1.53 
1.03 0.84 0.73 0.0 0.87 0.92 
1.73 1.70 1.62 0.87 0.0 0.43 
1.92 1.77 1.53 0.92 0.43 0.0 
0.75 0.52 0.84 1.30 2.22 2.22 
1.01 0.77 1.09 1.55 2.46 2.47 
1.55 0.82 0.50 1.14 l.)4 1.51 
2.08 1.67 1.39 0.31 1.00 0.58 
2.02 1.41 1.20 1.38 1.48 1.10 
2.06 1.34 1.02 1.60 1.91 1.53 
3.32 2.72 2.40 2.41 2.32 1.89 
2.58 1.76 1.54 2.19 2.60 2.22 
3.24 2.46 2.20 2.80 3.08 2.70 
2.50 1.57 1.41 2.09 2.74 2.47 
2.09 1.35 1.44 2.19 3.09 2.97 
1.69 1.35 1.58 2.19 3.14 3.10 
1.91 1.66 1.98 2.44 3.36 3.36 
3.13 2.88 3.14 3.67 4.58 4.58 
2.89 . 2.65 2.97 3.43 4.34 4.35 
2.07 1.62 1.92 2.46 3.52 3.38 
2.64 1.90 1.99 2.73 3.64 3.44 
2.92 2.07 2.14 3.21 3.91 3.55 
3.39 2.54 2.41 3.08 3.73 3.43 
4.28 3.54 3.64 4.77 5.54 5.08 
3.58 2.95 3.12 3.80 5.03 4.65 
3.57 3.23 3.47 4.07 5.02 5.00 
5.07 4.73 4.97 5.57 6.52 6.48 
6.64 6.40 6.72 7.18 8.09 8.10 
4.73 4.28 4.55 5.12 6.20 6.04 
5.74 5.29 5.55 6.13 7.20 7.04 
7.17 6.43 6.50 7.27 8.10 7.83 
5.12 4.38 4.47 5.61 6.37 5.92 
Table C.l, (Continued) 
Region 
Region 12 13 14 15 16 
1 2.72 2.96 3.24 2.52 2.97 
2 2.34 2.60 2.64 1.93 2.38 
3 1.83 2.08 2.12 1.64 2.00 
4 1.91 2.16 2.02 1.41 1.86 
5 0.88 1.25 1.10 1.55 1.53 
6 0.75 1.01 1.55 2.08 2.02 
7 0.52 0.77 0.82 1.67 1.41 
8 0.84 1.09 0.50 1.39 1.20 
9 1.30 1.55 1.14 0.31 1.38 
10 2.22 2.46 1.74 1.00 1.48 
11 2.22 2.47 1.51 0.58 1.10 
12 0.0 0.25 1.26 2.19 2.03 
13 0.25 0.0 1.50 2.43 2.18 
14 1.26 1.50 0.0 1.27 0.70 
15 2.19 2.43 1.27 0.0 0.60 
16 2.03 2.18 0.70 0.60 0.0 
17 1.83 2.07 0.52 1.02 0.43 
18 3.24 3.48 1.99 1.33 1.30 
19 2.13 2.35 1.04 1.71 1.11 
20 2.85 3.04 1.70 2.16 1.60 
21 1.79 2.01 0.96 2.01 1.41 
22 1.39 1.62 1.54 2.79 2.26 
23 0.94 1.01 1.78 2.96 2.49 
24 1.15 0.91 2.40 3.31 3.08 
25 2.37 2.13 3.62 4.55 4.30 
26 2.13 1.95 3.13 4.31 3.85 
27 1.33 1.39 2.11 3.30 2.82 
28 1.94 2.17 1.94 3.06 2.49 
29 2.22 2.44 2.06 3.01 2.35 
30 2.69 2.91 2.00 2.93 2.33 
31 3.59 3.82 3.59 4.54 3.89 
32 2.83 2.90 3.23 4.47 3.90 
33 2.83 2.94 3.66 4.85 4.38 
34 4.32 4.39 5.16 6.34 5.87 
35 5.88 5.64 6,68 8.06 7.39 
36 3.99 4.05 4.65 5.87 5.29 
37 4.99 5.06 5.66 6.88 6.30 
38 6.47 6.72 6.37 7.37 6.75 
39 4.43 4.65 4,43 5.38 4.72 
254 
Region 
17 18 19 20 21 22 
3.30 3.84 3.99 4.50 4.16 4.05 
2.71 3.25 3.40 3.91 3.57 3.67 
2.26 2.89 2.95 3.46 3.05 2.85 
2.19 2.73 2.88 3.39 3.02 3.06 
1.61 3.97 2.14 2.80 2.02 1.83 
2.06 3.32 2.58 3.24 2.50 2.09 
1.34 2.72 1.76 2.46 1.57 1.35 
1.02 2.40 1.54 2.20 1.41 1.44 
1.60 2.41 2.19 2.80 2.09 2.19 
1.91 2.32 2.60 3.08 2.74 3.09 
1.53 1.89 2.22 2.70 2.47 2.97 
1.83 3.24 2.13 2.85 1.79 1.39 
2.07 3.48 2.35 3.04 2.01 1.62 
0.52 1.99 1.04 1.70 0.96 1.54 
1.02 1.33 1.71 2.16 2.01 2.79 
0.43 1.30 1.11 1.60 1.41 2.26 
0.0 1.51 0.69 1.20 1.08 1.97 
1.51 0.0 1.87 2.04 2.54 3.45 
0.69 1.87 0.0 0.73 0.71 1.84 
1.20 2.04 0.73 0.0 1.19 1.77 
1.08 2.54 0.71 1.19 0.0 1.13 
1.97 3.45 1.84 1.77 1.13 0.0 
2.25 3.76 2.31 2.00 1.60 0.56 
2.97 4.38 2.95 2.62 2.30 1.27 
4.19 5.60 4.12 3.84 3.31 2.18 
3.61 5.10 3.50 3.36 2.78 1.66 
2.54 4.02 2.41 2.33 1.70 0.57 
2.16 3.64 2.04 2.17 1.32 0.54 
2.02 3.46 1.61 2.28 0.97 0.97 
1.90 3.09 1.21 1.28 0.99 1.48 
5.26 4.78 2.91 2.94 2.51 2.20 
3.57 5.05 3.32 3.79 2.67 1.68 
4.14 5.61 4.19 3.89 3.48 1.13 
5.63 7.14 5.69 5.38 4.98 3.94 
7.11 8.59 6.82 7.30 6.22 5.14 
4.96 6.44 4.59 5.07 4.05 3.11 
5.97 7.45 5.60 6.07 5.06 4.12 
6.36 7.54 5.68 5.71 5.37 5.14 
6.10 5.61 3.75 3.78 3.34 3.04 
Table C.l. (Continued) 
Region 
Region 23 24 25 26 27 
1 3.65 3.86 5.08 4.84 4.04 
2 3.27 2.60 4.71 4.48 3.65 
3 2.75 2.97 4.19 3.96 3.14 
4 2.85 3.06 4.27 4.04 3.24 
5 1.94 2.14 3.36 3.13 2.08 
6 1.69 1.91 3.13 2.89 2.07 
7 1.35 1.66 2.88 2.65 1.62 
8 1.58 1.98 3.14 2.97 1.92 
9 2.19 2.44 3.67 3.43 2.46 
10 3.14 3.36 4.58 4.34 3.52 
11 3.10 3.36 4.58 4.35 3.38 
12 0.94 1.15 2.37 2.13 1.33 
13 1.01 0.91 2.13 1.95 1.39 
14 1.78 2.40 3.62 3.13 2.11 
15 2.96 3.31 4.55 4.31 3.30 
16 2.49 3.08 4.30 3.85 2.82 
17 2.25 2.97 4.19 3.61 2.54 
18 3.76 4.38 5.60 5.10 4.02 
19 2.31 2.95 4.12 3.50 2.41 
20 2.00 2.62 3.84 3.36 2.33 
21 1.60 2.30 3.31 2.78 1.70 
22 0.56 1.27 2.18 1.66 0.57 
23 0.0 0.70 1.87 1.36 0.40 
24 0.70 0.0 1.20 1.10 1.00 
25 1.87 1.20 0.0 0.58 1.62 
26 1.36 1.10 0.58 0.0 1.09 
27 0.40 1.00 1.62 1.09 0.0 
28 1.12 1.82 2.20 1.63 0.84 
29 1.56 2.26 2.67 2.06 1.26 
30 2.05 2.75 3.36 2.78 1.91 
31 2.77 3.47 3.08 2.58 2.49 
32 1.89 2.34 1.91 1.46 1.50 
33 1.89 2.59 1.70 1.11 1.83 
34 3.38 3.02 1.78 2.15 3.11 
35 5.07 4.71 3.51 3.78 4.71 
36 3.05 3.45 2.67 2.37 2.66 
37 4.05 4.46 3.68 3.38 3.39 
38 5.65 6.04 4.80 4.73 5.02 
39 3.60 4.31 3.91 3.42 3.33 
256 
Region 
28 29 30 31 32 33 
4.61 4.69 5.15 6.11 5.54 5.51 
4.22 4.10 4.56 5.57 5.16 5.15 
3.70 3.57 4.04 5.35 4.64 4.64 
3.61 3.68 4.15 5.26 4.74 4.74 
2.37 2.55 3.01 4,02 3.43 3.82 
2.64 2.92 3.39 4.28 3.58 3.57 
1.90 2.07 2.54 3.54 2.95 3.23 
1.99 2.14 2.41 3.64 3.12 3.47 
2.73 3.21 3.08 4.77 3.80 4.07 
3.64 3.91 3.73 5.54 5.03 5.02 
3.44 3.55 3.43 5.08 4.65 5.00 
1.94 2.22 2.69 3.59 2.83 2.83 
2.17 2.44 2.91 3.82 2.90 2.94 
1.94 2.06 2.00 3.59 3.23 3.66 
3.06 3.01 2.93 4.54 4.47 4.85 
2.49 2.35 2.33 3.89 3.90 4.38 
2.16 2.02 1.90 5.26 3.57 4.14 
3.64 3.46 3.09 4.78 5.05 5.61 
2.04 1.61 1.21 2.91 3.32 4.19 
2.17 2.28 1.28 2.94 3.79 3.89 
1.32 0.97 0.99 2.51 2.67 3.48 
0.54 0.97 1.48 2.20 1.68 1.13 
1.12 1.56 2.05 2.77 1.89 1.89 
1.82 2.26 2.75 3.47 2.34 2.59 
2.20 2.67 3.36 3.08 1.91 1.70 
1.63 2.06 2.78 2.58 1.46 1.11 
0.84 1.26 1.91 2.49 1.50 1.83 
0.0 0.44 1.16 1.66 1.41 2.20 
0.44 0.0 0.66 1.54 1.71 2.55 
1.16 0.66 0.0 1.69 2.10 3.06 
1.66 1.54 1.69 0.0 1.18 1.96 
1.41 1.71 2.10 1.18 0.0 0.79 
2.20 2.55 3.06 1.96 0.79 0.0 
3.88 4.23 3.07 3.64 2.47 1.68 
4.97 5.27 5.78 3.94 3.56 3.56 
2.80 2.85 3.55 1.80 1.43 1.14 
3.81 3.86 4.56 2.81 2.43 2.15 
5.04 4.41 4.19 2.34 3.51 3.45 
2.50 2.51 2.66 0.97 1.89 2.68 
Table C.l. (Continued) 
Region 
Region 34 35 36 37 38 
1 7.03 8.59 6.70 7.71 9.08 
2 6.65 8.22 6.31 7.32 8.75 
3 3.35 7.71 5.80 6.80 8.24 
4 6.24 7.84 5.90 6.91 8.14 
5 5.32 6.88 4.74 5.75 6.89 
6 5.07 6.64 4.73 5.74 7.17 
7 4.73 6.40 4.28 5.29 6.43 
8 4.97 6.72 4.55 5.55 6.50 
9 5.57 7.18 5.12 6.13 7.27 
10 6.52 8.09 6.20 7.20 8.10 
11 6.48 8.10 6.04 7.04 7.83 
12 4.32 5.88 3.99 4.99 6.47 
13 4.39 5.64 4.05 5.06 6.72 
14 5.16 6.68 4.65 5.66 6.37 
15 6.34 8.06 5.87 6.88 7.37 
16 5.87 7.39 5.29 6.30 6.75 
17 5.63 7.11 4.96 5.97 6.36 
18 7.14 8.59 6.44 7.45 7.54 
19 5.69 6.82 4.59 5.60 5.68 
20 5.38 7.30 5.07 6.07 5.71 
21 4.98 6.22 4.05 5.06 5.37 
22 3.94 5.14 3.11 4.12 5.14 
23 3.38 5.07 3.05 4.05 5.65 
24 3.02 4.71 3.45 4.46 6.04 
25 1.78 3.51 2.67 3.68 4.80 
26 2.15 3.78 2.37 3.38 4.73 
27 3.11 4.71 2.66 3.39 5.02 
28 3.88 4.97 2.80 3.81 5.04 
29 4.23 5.27 2.85 3.86 4.41 
30 3.07 5.78 3.55 4.56 4.19 
31 3.64 3.94 1.80 2.81 2.34 
32 2.47 3.56 1.43 2.43 3.51 
33 1.68 3.56 1.14 2.15 3.45 
34 0.0 1.88 1.19 1.87 3.17 
35 1.88 0.0 2.23 1.52 2.07 
36 1.19 2.23 0.0 1.01 2.30 
37 1.87 1.52 1.01 0.0 1.30 
38 3.17 2.07 2.30 1.30 0.0 



















































































Transportation cost in cents per pound for shipping by truck 
feed grains between cities representing regions 
Region 
1 2 3 4 5 
0.0 0.90 1.71 1.72 3.31 
0.90 0.0 0.80 0.80 2.40 
1.71 0.80 0.0 0.34 1.58 
1.72 0.80 0.34 0.0 1.75 
3.31 2.40 1.58 1.75 0.0 
3.01 2.87 2.07 2.20 0.87 
4.05 7.03 2.32 2.49 0.74 
4.24 3.31 2.50 2.60 0.93 
3.45 2.54 1.73 1.68 0.72 
2.35 1.44 0.98 0.64 1.95 
3.01 2.10 1.65 1.30 2.14 
4.19 3.61 2.83 2.95 1.35 
4.58 4.01 3.21 3.34 1.93 
5.01 4.08 3.28 3.12 1.70 
3.90 2.98 2.53 2.18 2.40 
4.59 3.68 3.09 2.88 2.36 
5.10 4.19 3.49 3.38 2.49 
5.93 5.02 4.45 4.22 6.12 
6.16 5.25 4.56 4.45 3.31 
6.95 6.04 5.34 5.24 4.33 
6.42 5.51 4.70 4.67 3.12 
6.26 5.67 4.40 4.73 2.82 
5.64 5.04 4.25 4.41 2.99 
5.96 4.01 4.59 4.72 3.31 
7.84 7.27 6.47 6.60 5.19 
7.48 6.91 6.11 6.24 4.83 
6.23 5.64 4.85 5.00 3.22 
7.11 6.52 5.72 5.58 3.66 
7.24 6.33 5.52 5.68 3.93 
7.95 7.04 6.23 6.40 4.65 
9.43 8.60 8.26 8.12 6.21 
8.55 7.96 7.16 7.31 5.30 
8.51 7.95 7.16 7.32 5.90 
10.86 10.26 5.17 9.63 8.21 
13.27 12.70 11.90 12.11 10.62 
10.34 9.75 8.95 9.11 7.31 
11.90 11.30 10.50 10.66 8.87 
14.02 13.51 12.72 12.57 10.63 
10.72 9.89 9.55 9.41 7.50 
260 
Region 
6 7 8 9 10 11 
3.01 4.05 4.24 3.45 2.35 3.01 
2.87 7.03 3.31 2.54 1.44 2.10 
2.07 2.32 2.50 1.73 0.98 1.65 
2.20 2.49 2.60 1.68 0.64 1.30 
0.87 0.74 0.93 0.72 1.95 2.14 
0.0 1.19 1.61 1.59 2.67 2.96 
1.19 0.0 0.49 1.29 2.62 2.73 
1.61 0.49 0.0 1.13 2.49 2.37 
1.59 1.29 1.13 0.0 1.34 1.41 
2.67 2.62 2.49 1.34 0.0 0.67 
2.96 2.73 2.37 1.41 0.67 0.0 
1.17 0.80 1.29 2.01 3.42 3.43 
1.57 1.19 1.68 2.40 3.81 3.81 
2.39 1.26 0.77 1.77 2.68 2.33 
3.21 2.58 2.15 0.48 1.54 0.89 
3.12 2.18 1.86 2.14 2.29 1.70 
3.19 2.06 1.57 2.47 2.95 2.36 
5.13 4.19 3.70 3.72 3.58 2.92 
3.99 2.71 2.37 3.38 4.01 3.42 
5.01 3.81 3.40 4.32 4.76 4.17 
3.85 2.42 2.18 3.22 4.24 3.81 
3.23 2.08 2.22 3.38 4.77 4.59 
2.61 2.08 2.45 3.38 4.85 4.79 
2.95 2.57 3.06 3.76 5.19 5.19 
4.83 4.45 4.85 5.66 7.07 7.07 
4.47 4.09 4.58 5.30 6.71 6.71 
3.20 2.51 2.96 3.81 5.44 5.22 
4.08 2.93 3.07 4.22 5.62 5.31 
4.51 3.19 3.31 4.95 6.03 5.48 
5.24 3.93 3.72 4.76 5.77 5.30 
6.61 5.47 5.62 7.37 8.55 7.85 
5.52 4.56 4.82 5.87 7.76 7.19 
5.52 4.99 5.36 6.29 7.76 7.71 
7.83 7.30 7.67 8.60 10.07 10.01 
10.26 9.88 10.37 11.09 12.50 12.50 
7.31 6.60 7.02 7.90 9.57 9.32 
8.87 8.16 8.57 9.46 11.12 10.87 
11.07 9.92 10.04 11.22 12.51 12.09 
7.90 6.76 6.91 8.66 9.84 9.14 
Table C.2. (Continued) 
Region 
Region 12 13 14 15 16 
1 4.19 4.58 5.01 3.90 4.59 
2 3.61 4.01 4.08 2.98 3.68 
3 2.83 3.21 3.28 2.53 3.09 
4 2.95 3.34 3.12 2.18 2.88 
5 1.35 1.93 1.70 2.40 2.36 
6 1.17 1.57 2.39 3.21 3.12 
7 0.80 1.19 1.26 2.58 2.18 
8 1.29 1.68 0.77 2.15 1.86 
9 2.01 2.40 1.77 0.48 2.14 
10 3.42 3.81 2.68 1.54 2.29 
11 3.43 3.81 2.33 0.89 1.70 
12 0.0 0.38 1.94 3.38 3.14 
13 0.38 0.0 2.32 3.76 3.37 
14 1.94 2.32 0.0 1.97 1.08 
15 3.38 3.76 1.97 0.0 0.92 
16 3.14 3.37 1.08 0.92 0.0 
17 2.82 3.20 0.80 1.58 0.66 
18 5.00 5.38 3.07 2.06 2.01 
19 3.29 3.63 1.61 2.64 1.72 
20 4.40 4.70 2.62 3.34 2.46 
21 2.77 3.11 1.49 3.10 2.17 
22 2.15 2.49 2.38 4.30 3.48 
23 1.45 1.55 2.74 4.58 3.84 
24 1.77 1.40 3.70 5.12 4.75 
25 3.65 3.29 5.59 7.02 6.63 
26 3.29 3.01 4.84 6.66 5.94 
27 2.05 2.15 3.25 5.09 4.35 
28 3.00 3.35 3.00 4.73 3.85 
29 3.43 3.77 3.17 4.64 3.63 
30 4.16 4.50 3.08 4.52 3.59 
31 5.54 5.89 5.54 7.01 6.00 
32 4.37 4.47 4.98 6.90 6.02 
33 4.36 4.54 5.65 7.49 6.76 
34 6.67 6.77 7.96 9.80 9.06 
35 9.08 8.71 10.31 12.45 11.41 
36 6.15 6.26 7.18 9.07 8.17 
37 7.71 7.81 8.74 10.63 9.73 
38 9.99 10.38 9.83 11.37 10.43 
39 6.83 7.18 6.83 8.30 7.29 
262 
Region 
17 18 19 20 21 22 
5.10 5.93 6.16 6.95 6.42 6.26 
4.19 5.02 5.25 6.04 5.51 5.67 
3.49 4.45 4.56 5.34 4.70 4.40 
3.38 4.22 4.45 5.24 4.67 4.73 
2.49 6.12 3.31 4.33 3.12 2.82 
3.19 5.13 3.99 5.01 3.85 3.23 
2.06 4.19 2.71 3.81 2.42 2.08 
1.57 3.70 2.37 3.40 2.18 2.22 
2.47 3.72 3.38 4.32 3.22 3.38 
2.95 3.58 4.01 4.76 4.24 4.77 
2.36 2.92 3.42 4.17 3.81 4.59 
2.82 5.00 3.29 4.40 2.77 2.15 
3.20 5.38 3.63 4.70 3.11 2.49 
0.80 3.07 1.61 2.62 1.49 2.38 
1.58 2.06 2.64 3.34 3.10 4.30 
0.66 2.01 1.72 2.46 2.17 3.48 
0.0 2.33 1.07 1.85 1.66 3.04 
2.33 0.0 2.89 3.15 3.92 5.32 
1.07 2.89 0.0 1.12 1.10 2.84 
1.85 3.15 1.12 0.0 1.83 2.73 
1.66 3.92 1.10 1.83 0.0 1.74 
3.04 5.32 2.84 2.73 1.74 0.0 
3.47 5.80 3.56 3.09 2.46 0.86 
4.58 6.76 4.56 4.05 3.55 1.97 
6.47 8.64 6.36 5.93 5.11 3.37 
5.57 7.88 5.40 5.18 4.30 2.56 
3.92 6.20 3.72 3.59 2.62 0.88 
3.34 5.62 3.15 3.35 2.03 0.84 
3.12 5.35 2.49 3.52 1.50 1.49 
2.94 4.77 1.87 1.97 1.53 2.28 
8.12 7.38 4.50 4.55 3.87 3.40 
5.51 7.80 5.12 5.86 4.12 2.60 
6.39 8.67 6.47 6.00 5.37 1.75 
8.69 11.02 8.78 8.31 7.68 6.08 
10.97 13.26 10.53 11.27 9.61 7.94 
7.66 9.95 7.09 7.82 6.26 4.80 
9.21 11.50 8.64 9.38 7.82 6.36 
9.82 11.64 8.76 8.81 8.29 7.93 
9.41 8.67 5.79 5.84 5.16 4.69 
Table C.2. (Continued) 
Region 
Region 23 24 25 26 27 
1 5.64 5.96 7.84 7.48 6.23 
2 5.04 4.01 7.27 6.91 5.64 
3 4.25 4.59 6.47 6.11 4.85 
4 4.41 4.72 6.60 6.24 5.00 
5 2.99 3.31 5.19 4.83 3.22 
6 2.61 2.95 4.83 4.47 3.20 
7 2.08 2.57 4.45 4.09 2.51 
8 2.45 3.06 4.85 4.58 2.96 
9 3.38 3.76 5.66 5.30 3.81 
10 4.85 5.19 7.07 6.71 5.44 
11 4.79 5.19 7.07 6.71 5.22 
12 1.45 1.77 3.65 3.29 2.05 
13 1.55 1.40 3.29 . 3.01 2.15 
14 2.74 3.70 5.59 4.84 3.25 
15 4.58 5.12 7.02 6 .66 5.09 
16 3.84 4.75 6.63 5.94 4.35 
17 3.47 4.58 6.47 5.57 3.92 
18 5.80 6.76 8.64 7.88 6.20 
19 3.56 4.56 6.36 5.40 3.72 
20 3.09 4.05 5.93 5.18 3.59 
21 2.46 3.55 5.11 4.30 2.62 
22 0.86 1.97 3.37 2.56 0.88 
23 0.0 1.08 2.89 2.09 0.62 
24 1.08 0.0 1.85 1.70 1.54 
25 2.89 1.85 0.0 0.89 2.50 
26 2.09 1.70 0.89 0.0 1.68 
27 0.62 1.54 2.50 1.68 0.0 
28 1.73 2.82 3.40 2.51 1.30 
29 2.41 3.50 4.13 3.19 1.95 
30 3.16 4.24 5.19 4.30 2.95 
31 4.27 5.36 4.75 3.99 3.85 
32 2.92 3.62 2.95 2.25 2.32 
33 2.91 3.99 2.62 1.71 2.83 
34 5.22 4.67 2.74 3.32 4.79 
35 7.82 7.27 5.43 5.83 7.27 
36 4.70 5.33 4.13 3.66 4.11 
37 6.26 6.88 5.68 5.22 5.23 
38 8.72 9.32 7.41 7.31 7.75 
39 5.56 6.65 6.04 5.28 5.14 
264 
Region 
28 29 30 31 32 33 
7.11 7.24 7.95 9.43 8.55 8.51 
6.52 6.33 7.04 8.60 7.96 7.95 
5.72 5.52 6.23 8.26 7.16 7.16 
5.58 5.68 6.40 8.12 7.31 7.32 
3.66 3.93 4.65 6.21 5.30 5.90 
4.08 4.51 5.24 6.61 5.52 5.52 
2.93 3.19 3.93 5.47 4.56 4.99 
3.07 3.31 3.72 5.62 4.82 5.36 
4.22 4.95 4.76 7.37 5.87 6.29 
5.62 6.03 5.77 8.55 7.76 7.76 
5.31 5.48 5.30 7.85 7.19 7.71 
3.00 3.43 4.16 5.54 4.37 4.36 
3.35 3.77 4.50 5.89 4.47 4.54 
3.00 3.17 3.08 5.54 4.98 5.65 
4.73 4.64 4.52 7.01 6.90 7.49 
3.85 3.63 3.59 6.00 6.02 6.76 
3.34 3.12 2.94 8.12 5.51 6.39 
5.62 5.35 4.77 7.38 7.80 8.67 
3.15 2.49 1.87 4.50 5.12 6.47 
3.35 3.52 1.97 4.55 5.86 6.00 
2.03 1.50 1.53 3.87 4.12 5.37 
0.84 1.49 2.28 3.40 2.60 1.75 
1.73 2.41 3.16 4.27 2.92 2.91 
2.82 3.50 4.24 5.36 3.62 3.99 
3.40 4.13 5.19 4.75 2.95 2.62 
2.51 3.19 4.30 3.99 2.25 1.71 
1.30 1.95 2.95 3.85 2.32 2.83 
0.0 0.68 1.78 2.56 2.18 3.40 
0.68 0.0 1.02 2.37 2.64 3.94 
1.78 1.02 0.0 2.61 3.24 4.72 
2.56 2.37 2.61 0.0 1.81 3.03 
2.18 2.64 3.24 1.81 0.0 1.22 
3.40 3.94 4.72 3.03 1.22 0.0 
5.99 6.53 4.73 5.62 3.81 2.59 
7.67 8.14 8.92 6.08 5.50 5.50 
4.32 4.40 5.48 2.78 2.20 1.76 
5.88 5.96 7.03 4.34 3.76 3.32 
7.79 6.82 6.48 3.61 5.42 5.32 
3.85 3.87 4.11 1.50 2.9" 4.13 
Table C,2. (Continued) 
Region 
Region 34 35 36 37 38 
1 10.86 13.27 10.34 11.90 14.02 
2 10.26 12.70 9.75 11.30 13.51 
3 5.17 11.90 8.95 10.50 12.72 
4 9.63 12.11 9.11 10.66 12.57 
5 8.21 10.62 7.31 8.87 10.63 
6 7.83 10.26 7.31 8.87 11.07 
7 7.30 9.88 6.60 8.16 9.92 
8 7.67 10.37 7.02 8.57 10.04 
9 8.60 11.09 7.90 9.46 11.22 
10 10.07 12.50 9.57 11.12 12.51 
11 10.01 12.50 9.32 10.87 12.09 
12 6.67 9.08 6.15 7.71 9.99 
13 6.77 8.71 6.26 7.81 10.38 
14 7.96 10.31 7.18 8.74 9.83 
15 9.80 12.45 9.07 10.63 11.37 
16 9.06 11.41 8.17 9.73 10.43 
17 8.69 10.97 7.66 9.21 9.82 
18 11.02 13.26 9.95 11.50 11.64 
19 8.78 10.53 7.09 8.64 8.76 
20 8.31 11.27 7.82 9.38 8.81 
21 7.68 9.61 5.26 7.82 8.29 
22 6.08 7.94 4.80 6.36 7.93 
23 5.22 7.82 4.70 6.26 8.72 
24 4.67 7,27 5.33 6.88 9.32 
25 2.74 5.43 4.13 5.68 7.41 
26 3.32 5.83 3.66 5.22 7.31 
27 4.79 7.27 4.11 5.23 7.75 
28 5.99 7.67 4.32 5.88 7.79 
29 6.53 8.14 4.40 5.96 6.82 
30 4.73 8.92 5.48 7.03 6.48 
31 5.62 6.08 2.78 4.34 3.61 
32 3.81 5.50 2.20 3.76 5.42 
33 2.59 5.50 1.76 3.32 5.32 
34 0.0 2.90 1.84 2.89 4.89 
35 2.90 0.0 3.45 2.34 3.19 
36 1.84 3.45 0.0 1.56 3.56 
37 2.89 2.34 1.56 0.0 2.00 
38 4.89 3.19 3.56 2.00 0.0 
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